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ABSTRACT
46|
The method of characteristics is presented for the cac\:ulation of
the supersonic flow field, with the Rankine-Hugoniot equations used to
compute the flow properties across a shock. The secondary flow properties
are calculated by the one-dimensional isentropic relationships. The gas
is assumed to be an inviscid nonreacting perfect gas with constant specific

heat. Sample calculations, as well as the listing of the FORTRAN pro-

gram, are presented. ku\/
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LIST OF SYMBOLS

a speed of sound, ft/sec
A cross-sectional area of secondary flow, ft®
A% cross-sectional area of secondary flow at which the Mach

Number is unity, ft?

h enthalpy, ft?/sec?
M Mach Number
m mass flow rate, lbm/sec
P pressure, lbf/ft?
P, total pressure of the primary flow, 1bf /ft?
P total pressure of the secondary flow, lbf/ft®
s entropy, ft?/sec?°R
T temperature, °R
\% velocity, ft/sec
X, Y Cartesian coordinates, ft
B Mach angle, sin'l(—l—)
M
Y ratio of specific heat
6 shock angle with respect to stream direction behind a shock
€ density ratio across shock
0 flow angle with respect to x axis
) shock angle with respect to x axis
p density, lbm/ft?
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INTRODUCTION

In recent years, considerable effort has been devoted to the problems
associated with base pressures of plug nozzles. In the case of the plug
nozzle with a secondary ejector system, the flow phenomenon is only
partially understood. The purpose of this study is to demonstrate the
essential features of the primary and secondary flow interaction. It is
known that viscous effects play a major role in these flow cases, and
also that the viscous effects can be superimposed on an inviscid flow
field for the region of interest! . Therefore, the study has been divided
into two stages. The first stage is to obtain an inviscid solution for the
primary and secondary flow, and the second stage is to determine the

viscous effects. This report presents the results of the first stage study.

The primary supersonic flow properties are determined by using
the method of characteristics, and the flow is assumed to be rotational
and axisymmetric. The gas is assumed to be perfect and inviscid. The
flow properties across a shock are calculated by using the Rankine-
Hugoniot equations. The Prandtl-Meyer equations are used to compute
the flow properties at the lip of the shroud and at the corner of the plug.
The secondary flow properties are determined by using the one-dimensional

isentropic relationships.

In order to obtain the nozzle exit conditions as initial conditions
for the jet computation, the calculations in Reference 2 have been
adopted. A flow model for demonstrating the basic construction of a
jet is shown in Figure 1. The theoretical analysis is presented in the
order of computation. The equations of the analysis have been coded
in IBM 7040 FORTRAN IV computer language. Some sample results

are also presented in this report.
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METHOD OF ANALYSIS

The method of characteristics is used to calculate the downstream
flow field of a plug nozzle. The Prandtl-Meyer equations are used to
calculate the flow properties at the lip of the shroud and at the corner of
the plug. The calculations of flow properties across shocks are based on

the method presented in Reference 3. The secondary flow is determined

by the one-dimensional isentropic relationships. The calculation procedures

are summarized below.

In Reference 2 a computer program is presented which calculates
the flow properties in the entire nozzle flow field. By knowing the con-
ditions at the edge of the plug, the Prandtl-Meyer equations provide a

means of computing the corner wave. Combining the Prandtl-Meyer

equation
dv do
v - T 1 (1)
M? - 1)2
and the energy equation
vav = -2 (2)
p
one obtains
V¢ de
dp = B (3)
(M?%-1)2

Once the corner waves are determined, the flow field calculations can
be continued by using the method of characteristics. Since the nozzle
flow field is computed along the right running characteristics, the same

scheme can be applied to the downstream flow field.

At the internal boundary, an iteration is required to match the
static pressure of the primary flow with that of the secondary flow.

As shown in Figure 2, bd is a streamline, and



Y=Y+ (Xq - Xp)(tan 0) 4 . (4)

nd is a right running characteristic
Y=Y, + (Xd—Xn)[tan(e-ﬁ)]nd . (5)
Combining Equations 4 and 5, one obtains

Y, - Y, - X [tan (6 - B4 + Xy (tan )y
(tanB)p 4 - [tan (6 - B)]nd . (6)

Xd:

Once the Yd value is known, the cross sectional area is known. The
Mach Number of the secondary flow can be computed by a method of

successive approximations from the following equation

) Y+ 1
i G (R | R

By rearranging the above equation, the following function can

be obtained to calculate the Mach Number

Y+ 1
2 + - 2 ]2(y-1
£ (M) :M(%) -[ (v - hme |2(v-1)
A% v+ 1 J
Expanding this function in a Taylor's series
2 ot
A
£(M + AM) = £(M) + £'(M)AM + £'(M) A?f\f Foooo+ £ M) x (7)
where
3-Y
A [2 + (v - nm?2(v=-1)
! N m——
M) =5 - M=~ |
4

v




=Y K]

By truncating Equation 7 at the first two terms and assuming a value for

M, the following expression for AM may be obtained

f(M)
AM = - ———
M T
A new approximation for M is
M=M+ AM .

The Mach Number can be obtained by carrying on this process until the

AM is within a desired limit.

The static pressure of the secondary flow can be determined by

the following irrotational flow ralation

- —

Y
Y-o1 Y-1
p= PT(I +— MZ) . (8)

The static pressure of the primary flow is equal to that of secondary flow
and Equation 8 can also be used to compute the primary flow Mach Num-
ber. Of course, the total pressure would be different between the two
flow fields. The flow angle at point d can be computed by the right run-

ning characteristic equation

t [ si in 0
Va - Vo (5 )y + 00~ 00 - (TR |, 06 0

(9)
+ (_a"I‘_Z sinBcosB)dn (sq - sp) =0

The 84 value can be substituted into Equation 4, and the procedure re-
peated until the tolerance is met. This method has been proved to be

convergent when iterated.

When characteristics of the same family intersect, it is an in-

dication of shock. The flow properties across the shock can be computed



by using the Rankine-Hugoniot equations. Moe and Troesch> have developed
a method for the computations. A detailed form of this method presented
by Eastman® has been adapted in the present calculations, and the symbols

used in the equations are essentially those of the originals.
As shown in Figure 3, point 3 can be computed by using regular

field point calculation. Point 4 can be solved by the following equations:

Yy - Y,) - (X, - Xz)(tan p)yy
(Y3 -Y,) - (X5 - Xz)(tanH)M

B (10)

X4 = XZ + B(X3 - Xz)
Y4 = Yz + B(Y3 - YZ)
(11)
64 = 82 + B(93 - 62)
V4 = VZ + B(V3 - Vz)

Once point 4 is determined, the flow properties of point 11 can be

computed by the Rankine-Hugoniot equations

(Y = 1)M4% sin? (0, - pg) + 2

"W T DMZ sin? (8, - pa) (12)
Py = Pa + ps Vil (1 - €)sin® (05 =~ ug) (13)
V2 -
hy; =hy + 24 (1 - €?)sin® (04 - peg ) (14)
anl = V4 € Sin(e4 - }.1.4) (15)
Vi = Vacos(0y - py) (16)
1
; 2 2
Vi = (anlz + Vi, ) (17)




Figure 2.

Figure 3.

SecC

Nomenclature for Boundary Point Calculation

Characteristics Network for an Interior Shock



sy =tan"'[e tan(0, - )] (18)
01 = pg + 8, . (19)

Point 14 is an inserted left running characteristic point from

point 11

Yy - YY) - (X - Xpp)Mtan(6 + B) )y, 4

= (Y13 - Yyp) - (X153 - X2)[tan(® + B)]} 44 (20)
‘X14 =X t G{Xy3 - X))
Y =Y, + G(Y)3 - Yyp)
Vig =V + G(Vy3 - Vyp)
O120 =0y + G(8)53 - 6);) (21)
Bis =Bz + G(B1s - Bi2)
T =Ty + G(Ty3 - Ty2)
sig =82 t G(syz - sp2)
The flow angle at point 11 can be computed by using the left running
characteristic equation
By =04 + (Vg - V14)(CO\;B s [——;ir;g(ziieﬁ)jl“’m (Xyp - Xp4)
(22)

T .
+ (—- schosB) (s1; -~ s14)
a2 11, 14

The iteration scheme is based on Reference 4. Assuming three values
of pg, three sets of 0,; values will be obtained from lquations 19 and 22,

The value of 8); is assumed to vary parabolically with 1, .

8




ell

a) + bypy + cpp,’ (23)

Oy =a, + bypy + cypy . (24)

The py value can then be solved from Equations 23 and 24. The same
numerical technique can be applied to the shock near the upper boundary.
The lower shock is computed first since it is difficult to compute the up-
per shock and the lower shock simultaneously. The lower field and shock
points are computed along the right running characteristics which origi-
nated from the lip of the shroud until the last one is reached or the shock
deflection angle becomes excessive (M < 1). Then the upper field and

shock points are calculated along the left running characteristics.

The methods of computing the upper shock are the same as those
of the lower shock except that the calculations follow along the left run-
ning characteristics instead of the right running characteristics. The
same set of equations, which are described in previous pages, can be
used by replacing the term (6 + ) by (6 - ) in Equations 20 and 22 by a

right running characteristic equation

cot B sinf sin O ‘l
0 =90 - (V -V + | — X - Xy,
11 14 - (Vi 14) V s [Y cos(@ 1 B (X 1)

(25)

T :
- I:"‘ cosfBsinfB (sy - s14)
a? d






N N N NN ENNNEEENREEEEEER

COMPUTING PROCEDURE

The computer program contains various phases of calculations:
the determination of field points, solid boundary points, upper and lower
shock points, upper and lower free boundary points, and the one-dimensional

isentropic computations. The linkage of the system is shown in Figure 1.

The computation is initiated from a starting line which is assumed
to be uniform and at a slightly supersonic condition., The nozzle field
points and solid boundary points calculations are based on the program
presented in Reference 2. The jet field points and shock points are com-
puted along the right running characteristics until the last one originated
from the lip is obtained or the flow behind the shock becomes subsonic.
Then the upper field points and shock points are calculated along the left
running characteristics. If the last point of the upper shock lies above
the lower shock, the calculations of the lower shock have to be continued
until it meets the upper shock, The flow properties at the intersection
of the upper and lower shocks are interpolated between the nearest two shock
points. Behind the shock intersection, two reflected shocks and a slip
stream occur. A numerical scheme for solving this part of flow field
can be found in Reference 5. This scheme is a combination of the shock
routine, the field point calculations and the solid boundary point calculation,
and the slip stream angle is iterated until the static pressure is equal on

both sides.

When there is a secondary flow in the plug base, the solution for
the boundary point between the primary and the secondary flow must be
iterated to determine a common static pressure. The secondary flow

is assumed to be governed by the one-dimen.ional isentropic relationships.

The calculation of the present type flow field can be carried very
far downstream; however, due to the particular objectives of this study,
the computer program has only been developed for the computation of flow

field properties through the first shock intersection point.

11
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SAMPLE RESULTS AND DISCUSSION

A sample case has been calculated by using the present computer
program; the characteristic net has been plotted in Figure 4. When
studying the mixing effect between the primary and the secondary flow,
the lower boundary is the most important region. Since a fine net size
is obtained at the lower boundary, no attempt has been made to refine

the net size of the upper field points.

Three cases have been computed for studying the effects of the
ambient pressure and the total pressure of the secondary flow on the
plume shape. The effect of varying the ambient pressure in a fixed
nozzle is shown in Figure 5. When the ambient pressue ratio (P,/P,)
decreased from 594.1 to 101.3, the length (X/Rp) of the plume up to
the shocks intersection decreased from 3.06 to 2.11, The effect of
varying the secondary total pressure in a fixed nozzle is shown in Figure
6. When the secondary total pressure ratio (Py/P7) decreased from
64.12 to 27.79, the length (X/Rg) of the plume up to the shocks inter-

section decreased from 3.06 to 2. 00,

13
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APPENDIX A

DESCRIPTION OF DATA INPUT AND OUTPUT

Input

This program requires the following input data:

1.

Nozzle components (3 cards)

GAM(Y) ratio of specific heats for primary flow
XM(Mest) initial Mach Number

P(Py) total pressure for primary flow

T(T,) total temperature for primary flow

R gas constant for primary flow

GW(YS) ratio of specific heats for secondary flow

RW gas constant for secondary flow

PT total pressure for secondary flow

TT total temperature for secondary flow

PA(py) ambient pressure

W(w) secondary flow rate

N number of points on starting line, must be < 100
N1 number of lower wall contour points, must be =100
NUq) the number of upper corner rays to be computed,

must be < (600 - N - NL - 1)

NL the number of lower corner rays to be computed,
must be <100

A title or job-description card

N1 lower wall contour points given as Cartesian coordinates

19




4.

5.

Upper corner point given as Cartesian coordinates

KK If input is in feet, KK = 0
If input is in inches, KK =1

Input cases can be stacked and processed several at a time. If

a bad data case is found which cannot run to completion, the remaining

data cases will not be processed. This is due to the computer system,

not the program.

Output
1. Units of variables
2. Job title
3. Input conditions
4. Upper corner point
5. Lower wall contour points
6. Starting line points
Point X Y M THETA T P
V v V v v 4 v
where X, Y are Cartesian coordinates; M is Mach Number, THETA
is flow angle, T is temperature (°R), and P is pressure
7. Right running characteristics from the upper corner point
Point X Y M THETA T P
\ | } | | | :
8. External expansion

(a) Field routine points
Point X Y M THETA T P ITR
v ¥ v v v v y v

where ITR is the number of iterations before convergence in calculations

20
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10.

(b) Body point routine

Point X Y M THETA T P ITR
{ V ' ‘ ' 4 { \

Field and body points alternate until the last point on the lower wall
contour is reached or until the network is completed.

(c)Insert point

Point X Y M THETA T P
(d) Corner point

Point X Y M THETA T P
Thrust distribution along the plug
(a) SUMM (thrust at the throat)
(b) CFI (thrust coefficient at the throat)
(c)Mass flow rate

(d) X Y T (thrust) CF (thrust coefficient)
¥ ) t )

for each point on the lower wall.

(e)AT - throat area

(f) Secondary mass flow rate

(g) Thrust from plug nozzle wall

(h) Thrust from base

(i) Total vacuum thrust

(j) Actual thrust (considering the ambient pressure)
Jet flow field computations

(a) Left running characteristics

21



11.

(b) Flow properties computed along right running characteristics

(1) Field routine

Point X Y M THETA T P ITR
v v ¥ V ¥ ¥ ¥ ¥

(2) Free boundary point
Point X Y M THETA T P ITR
(3) Secondary Mach Number
(4) Primary velocity
(5) Secondary flow temperature
(6) Secondary flow velocity

Repeat 10 until shock is encountered, then the insert point and
shock points appear in the field points.

Point X Y M THETA T P Shock Angle

Section 10 is repeated until the last right running characteristic is
used or the deflection angle becomes too big.

Upper external flow field and boundary computed along left running
characteristics.

(a) Upper free boundary point
Point X Y M THETA T P ITR
(b) Field routine

Point X Y M THETA T P ITR
v v v ' v v v v

Repeat from 11 until shock is encountered, then the insert point
and shock points appear in the field points.

Point X Y M THETA T P Shock Angle

Repeat from 11 until the upper shock crosses the lower shock or it
becomes necessary to extend the lower shock to cross the upper
shock.

22
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12. Shock intersection

Characteristics of the shock intersection are printed in the following

order:
B - upper shock
C - upper reflected shock
A - lower shock
D - lower reflected shock
Point X Y M THETA T P Shock Angle

13. Punched card output
(a) First card - At first free boundary point: primary temperature,
secondary temperature, primary velocity, secondary velocity

{Format 4E12. 5)

(b) One card for each free boundary point. X, Y, Pressure (Format
3E16.7)

End of Calculation
Point Number Identification
(a) Points numbered 1 are always free boundary points
(b) Points from one set of field points to the next set of field points
connect with points one greater than their number (i.e., point 5
in a set of field points connects with point 4 of the preceding set

of field points and connects with point 6 of the next set of field
points. Also, each set of field points itself is a characteristic.

23
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FORTRAN LISTING
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1001
1003
1002

300

301
302
303

LHLBF)

25T=£15.8/1H0,10X,2HR=E15.8/1H0,10X,3HP0=E15.8/1H0,10X,3HTO=EL15.8/
31HOs7X 4 15HSECONDARY FLOW/1HO 210Xy 6HGAMMA=ELS5.8/1H0,10Xy2HR=E15.8/
41HO, 10Xy 2HW=E15.8/1H0,10X43HPT=E15.8/1H0,10X,3HTT=E15.8)

LIST OF FORTRAN PROGRAM

MAIN PROGRAM

AERODYNAMIC PLUG NOZZLE ANALYSIS

BY USING THE METHUD OF CHARACTERISTICS

DIMENSION YP{600) s XP(600) ¢ TH{600) s XMP{600) ,TP{600),PP(600),
1VLP(600)

DIMENSION XxB81(100),YB81(100)

DIMENSION FRX{50),FRY(50) yFRV(50),FRT(50),FRP(50),FRTH(50),
LFLX(50 )oFLY(50 ),FLP{50 )

COMMON YP s XP o THyXMP y TP PPy VLP yGAMyGML 3G9 XMgNyP 3 ToRyL yMyJyNL o XXB2,

1YYB24NUyGP1,FE,PA

COMMON FRX FRY 4FRVFRT yFRP 4FRTHFLXsFLY FLP AT oNF

CD"HDN YO'GH'R“’PT,TT ,H. XO

DIMENSION SX{600),S5Y(600),SM(600)sSTH{600),ST{600),SP(600),SV{600)
COMMUN/BEN/SXsSYsSMySTH,ST,,SP,SV
COMMON/BUN/UXsUY yBXsBY pUl UM, BM,UTHBTH,UT,,6T,UP,B8P,UV,8V,UU,BU
DIMENSION UX(2)4UY(2)yBX(2),BY(2),UM(2)4BM(2),UTH(2),BTH(2),UT(2),
18T (2},UP(2),8P12),UV(2),8VI2),UU(2),BU(2)

DIMENSION EP(3),PT7(3),P5(3)

COMMON/MIKE/EPF,SH(2) yCMySI(2)4CPySL{2),CT4SZ(2),DM,SK(2),DP,
154(2),DT,5K1(2),11,UB,UA,CU,DU

COMMON/JUL /KXSH

READ{5,1001) GAM ¢ XMy Py TyRyGHRWsPT s TT,,PA,WoNygN1,NU,NL

KXSH=0

uUxti1j)=0.

FORMAT(4EL15.8/5E15.8/2E15.8,212,13,12) ‘
FORMAT (2E15.8)

FORMAT(1HO /77 s LHO o SHPUOINT g 10X s LHX g L7X g IHY g LTX o 1HM, 13X s SHTHETA, 13X

1y 1HT,,17X,1HP,10X,3HITR)

FORMAT(1H1,48X,35HAERODYNAMIC PLUG NOZZILE ANALYSIS/1HO,44X,43HB

1Y USING THE METHUOD OF CHARACTERISTICS////71H045X,5HUNITS///1HO
2910Xy, 16HCOORDINATES XY 914Xy3HIN./1HO 10X, 25HINCLINED THRUAT ANGL
3E({FE) 95Xy THDEGREES/1HO 4 10Xy BHPRESSURE 922Xy 9HLBF/ IN#IN/1HO3 10X, L1HT
4EMPERATURE L9

1X9 1SHDEGREES RANKINE/1HO, 10Xy 16HGAS CONSTANT (R)j,14X,26HFT LBF/LBM
1 DEGREES RANKINE/1HO,10X,4HAREA,26X,SHIN®#IN/L1HO, 10Xy 6HTHRUST 24X, 3

FORMAT (13A6)

FORMAT (1HO,13A6)

FORMAT (1HO,5X, LTHINPUT CONDITIONS/// 1HO, 10X, 3H
1PA=EL15.8/1H0, 7Xy 12HPRIMARY FLOW/1HO,10X,6HGAMMA=E15.8/1H0,10X,5HME

READ(5,301)A1,A2,A3,A4,A59A6,AT3AB,A9,A10,A11,A12,A13
WRITE(6,300)
WRITE(6,302)A1,A2,A3,A43A5,A6,A7T,A8,A9,A10,A11,A12,A13

29




L1ST OF FORTRAN PROGRAM

MAIN PROGRAM

READ(5,1003) (XBL(1),YBL{I)I=1,N1)sXXB2,YYBZ
WRITE(6,303) PAyGAMy XMyRy Py TyGWsRWyWHPT,TT
WRITE{6,1006)
WRITE(6,1007)XXB2,YYB2
WRITE({6,1008)
WRITE(641007){(XBLII),Y¥BL(LI)yI=1,4N1)
READ{5,52) KK
IF{KK.EQ.O0)GD TU 401
P=pPel44,
PT=PT#l44.
PA=PAx 144,
XXB2=XXB2/12.
YYB2=YYB2/12.
DO 402 K=1,N1
XBL(K)=XB1(K)/1l2.
402 YBL(K)=YBl{K)/1l2.
401 YO=YBL1(N1)
X0=XB1{N1L)
1006 FORMAT{1HU,18HUPPER WALL CONTOUR/LHOy7Xs1HXy16X,1HY)
1007 FORMAT{1HO,2(E15.8,2X))
1008 FORMAT(1HO,18HLOWER WALL CONTOUR/L1HO,7X,1HX,16X,1HY)
KIT=0
NF=2
GM1l=GAM-1.
GP1=GAM+].
6=32.2
WRITE{6,1002)
52 FORMAT(I2)
84 F=ATAN((XXB2-XB81(1})/(YYB2~-YBL(1)))
FE=—(F+1.5707963)
CALL STL2(XBLl,YBlsN1)
AT=3.1415927#(YYB2+YBL(1))aSQRT((XXB2-XBL(1))*#«2+(YYB2-YBL1(1))®e2)
60 TO 2
1005 FORMAT(6E13.6])
79 FORMAT(1HO+6(3X,E15.8))
2 CP=GAM#R/GML
K=N+NL
DO 61 J=1,N
H=CP#TP(K) =i
A=SQRT(GM1#H)
60 VLP{K)=XMP(K]}*A
FRX(J)=XP(K)
FRY({J)=YP(K)
FRV{J)=VLP(K)
FRT{J)=TP{K)
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LIST OF FURTRAN PROGRAM

MAIN PROGRAM

FRP1J)=PP(K)
FRTH{J)=TH(K)
61 K=K-1
FLX{1)=XP(NL+1)
FLY{1)=YP(NL+1)
FLP{1)=PPINL+])
T4 CALL BPRTN(3,XX82,YYB2,1)
NR=N+1+NL
86 M=NR-1
L=2+NL
J=NR-1
CALL FLDRTN{3)
M=1+NL
L=2+NL
CALL BPRTN(L1,XBl,YBl,N1)
FLXINF)=XP(NL+1)
FLYINF)=YP(NL+1)
FLP{NF)=PPINL+1)
NF=NF+1}
NR=NR+1
IF{NR-{N+NL+NU))88,6 ,6
88 IF(J .NE. 666) GO TO 86
M=1+NL
J=1+NL
L=2
CALL FLDRTN({3)
M=1
L=2
CALL BPRTN(4,XXB2,YYB2,1)}
700 M=nNR-1
L=2
J=NR-1
CALL FLDRTN{3)
IF{M.EQ.O0)GO TO 6

M=1
L=2
CALL BPRTIN{4,XXB82,YYB2,1)
I=1
K=NR
602 CALL SAVE (244,1+K,UI)

NR=NR+1
IF (NR-(N+NL+NU)) 700,646

6 CONTINUE
IF(N.EQ.0) GO TU 521
WRITE{646978)
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LIST OF FORTRAN PROGRAM

MAIN PROGRAM

6978 FORMATIU//777732X+59HFLOW PROPERTIES COMPUTED ALUNG LEFT RUNNING CH
1LARACTERISTICS)
LSK=1]
CALL FLDRTN(4)
BACKSPACE 2
BACKSPACE 2
KN=K
KNR=KN
IF{M.EQ.0) GO TO 620
DO 6543 [=1,KNR
CALL TRANS (I,1,1)
6543 CONTINUE
623 CONTINUE
JM=1
L=1
N=LSK
JN=LSK
IF{M.NE.O) GO TO 797
JN=UN+NB-NR+1
N=JN
JM=NB-NR+2
L=2
J=JM
M=JM
CALL FLDRTNI(5)
797 CALL BPRTN(54XXB2,YYB2,1l)
=1
Ml=JM+1
605 CALL SAVE (3,1,1I,M1,Ul)
L=2
JM=dM+1]
IF(UM.GEL. N)GO TO 788
IFINLEQ.JN) GO TO 962
788 Ql=B8X(2)-8X{1)
Q2=8Y(2)-8Y({1)
QW3=UX{2)-8X(1)
Qa=uY(2)-BY(1l)
LY=0.
IF{Q4.LT.0.)2Y=3.1415927
KZ=1
GO TO 6144
6143 CONTINUE
IF(JUM.GE.N) GO TO 606
962 CONTINUE
J=IM
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l 6144
. 6246
. 6245

614
R .
l 2001

LIST OF FGRTRAN PROGRAM

MAIN PROGRAM

M=JM
CALL FLDRTN(5)
GO 10 797

IX=ATAN{Q1/Q2)
LY=ATAN(Q3/Q4) +LY
Ql=BX{1l)-UX(2)

Q2=BX{2)-UX{1)
IF(UY{1).LT.UY(2)) GO TO 6245
Q3=BY(1l)-UY(1l)

Q4=BY{2)-UY(2)
IF(ZY.6ToeZXAND.Q1#Q2.LTo0.4AND.Q3#Q4.LT.0.) GO TO 614
GO TU (6143,6145),KZ
Q3=8Y(1)-uUY{(2)

Q4=BY(2)-uUY(1l)

GO TO 6246

CONTINUE

PAUSE 6666

BACKSPACE 4

BACKSPACE 4

READ({4)1

READ{4) {XPIK) s YP(K) s XMPIK) sTH(K) ,TP(K)PP{K),VLP(K)+K=1,1),BUl2)
BACKSPACE 4

BACKSPACE 4
IF(BX(2).NE.XP{1))GO TO 2000
BM(2)=XMP(1)

BTH(2)=TH(1)

8Y(2)=TP(1)

BP(2)=PP(1)

BACKSPACE 4

BACKSPACE 4

READ(4)1

IU=1+2
READ(4)(XP(K).YP(K),XMP(K),TH(K)'TPIK)oPP(K).VLP(K),K=3'IU).BU(I)
BACKSPACE4

BACKSPACE 4

BM(1)=XMP{3)

BYH{1)=TH(3)

BY(1)=TP(3)

BP{1)=PP(3)

I1=1usl

BACKSPACE 1

BACKSPACE 1

READ(1)1]
READ(I)(SX(K),SY(K):SM(K)ySTH(K),ST(K).SP(K).SV(K)'K=1,I).UU(2)
BACKSPACE 1
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BACKSPACE 1
IF{UX(2).NE.SX{1))GO TO 2001
UM(2)=SM(1)

UTH(2)=STH(1)

uT(2)=sT(1)

UP{2)=SP(1)

BACKSPACE 1

BACKSPACE 1

12=1U+3

READ(I)I

IL=TU+2+]

READ(LI(XP{K) s YP(K) o XMPIK) yTH(K) s TP{K) +sPP(K),VLP(K) K=1253IL)UU(L)
BACKSPACE 1

BACKSPACE 1

UM{L1)=XMP(12)

UTH(1)=TH(I2)

ut{L)=TPil12)

uP(l)=pPP(12)
C=(UuY{2)-UY(1))/7(UX{2)-UxXx(l))
D=(BY(2)-BY{1))/(BX(2)=-BX(1))
XPL1)=(BY(1)-UY{L)+C»UX(1)-D*BX(1))/(C-D)
XP{I1)=XP(1)
YP{1)=UY(L)+C*(XP(L1)-UX(1))
YP({I1)=YP(1l)
E=(XP{1)-UX({L))/(UX(2)~-UX{1))
XMP{1)=UM(1)+E*(UM(2)-UM(1))
TH{1)=UTH(1)+E#(UTH{2)-UTH(1))
TPLL1)=UT(L)+E=(UT(2)-UT(1))
PP{l)=UP(l)+E={UP({2)-UP(]1))
UB=UUl1l)+Ex(UU(2)-UU(]1))
E=(XP{1)-BX(1))/(BX(2)-BX(1))
XMP(IL1)=BM(1l)+Ex(BM(2)-BM(1))
TH{IL)=BTH(L)+E+(BTH(2)-BTH(1))
TPIILI=BT(L)+Ex(BT(2)-8T(1))
PP{I1l)=BP{1)+E+(BP(Z)-BP(1))
UA=BU(Ll)+E={BU(2)-BU(1))

CALL RESK

QX=XP{l)*1l2.

QY=YP(1l)#12.

I=1

QT=TH(1)«57.29578
QP=PP(1)/144.

WRITE[6,8990)

U=UB#57.29578
WRITE{6499)T11,QX,QY s XMPIL1),QT,TP(1),QP,U
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99
8990

511

LIST OF FORTRAN PROGRAM

MAIN PROGRAM

QT=EPF#57.29578

QP=CP/144.

U=CU*57.29578
WRITE(6+99)11,QXsQY,CM,QT,CT,QP,U
QT=TH{I1)%57.29578

QP=PP(Il}/144.

U=UA#57.29578

WRITE(6599) 1,QX,QYsXMP(11),QT,TP(11),QP,U

QP=DP/ l44.
QT=EPF#57.29578
U=DuUs57.29578
WRITE(6+99) 1,QXeQY,DM,QT,DT,QP,U
FORMAT(IHO,]13,7({3X,E15.8))
FORMATI[1HO4 18HSHOCK INTERSECTION)
60 TO 521

CALL TRANS(1,1,2)
CALL TRANS(1,11,3)
CALL TRANS(Il,1,1)
ui=Cu

M=1U+3

J=11l+¢1

CALL TRANS(J.11,3)
L=IL

CALL FLDRTNI(T)
Cu=Ul

IL=M

JPL=L

ul=Du

M=3

J=2

CALL TRANS(2,1,3)
L=1U

CALL FLDRTN{(8)
DU=U1l

JPU=L

TU=M

PP{ILl}=CP
TP(Il)=CT
XMP{I1)=CM
PP(1)=DP

TP(1)}=DT
XMP(1)=DM

KNT=0

KEY=0

MK=0
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506

501

500

504

LIST OF FORTRAN PROGRAM

MAIN PROGRAM

THX=.01745329

tP{1)=EPF

EP(2)=EPF+THX

EP(3)=EP(2)+THX

MQ=3

YD=YP(1)

YC=YP(I1l)

TD0=TPI(1)

TC=TP{I1)

XMD=XMP({1)

XMC=XMP(I1)

XD=XP(1)

XC=XP(I1)

PC=PP(I1)

PD=PP (1)

DO 500 I=1,MQ

YP{1l)=YD

YP{Il)=YC

TP(1)=1D

TP(I1)=TC

XMP({1)=XMD

XMP(I1)=XMC

XP{1)=xXD

XP{Il)=X(

PPLI1l)=PC

PP(1)=pPD

M=]1

L=M+]

MB=-1

CALL BPRTN{1l,EP{I),XX,MB)

M=]1

L=2

CALL BPRTN(2,EP{I)XX,MB)
IF{XP{I1).GT.XP{1)) GO TO 501
PT{I1)=PD+(XP(I1)}-XD}/{XP(1)-XD)=(PP(1)-PD)
P5(1)=PP(I1)

G0 TO 500
PT{1)=PC+{XP{L)=-XC)/{(XP(Il)=XC)#{PP{IL1)-PC)
PS{1)=pPP(1)

CONTINUE

IFIKEY.EQ.0)GO TO 5902
[F{MQ.NE.3)G0O TOU 503

CALL SOLUT(EPyPSyPT7,THXyMQ,EPP,EPM)
KNT=KNT+1
fIF(KNT.GT.20.AND.MQ.NEL.L)STOP
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502

503

514

517

510
521

606

LIST OF FORTRAN PROGRAM

MAIN PROGRAM

GO0 71O 506
XDPP=P5{1)-P7(1)
XDP=P5({2)-P7(2)
DPP=ABS{XDPP)
DP=ABS{XDP)

KEY=1
IF(XOPP#XDP.LT.0.) GO TO 504
IF(DPP.GT.DP)GO TO 504
THX==THX
EP(2)=EP{1)+THX
EP(3)=EP(2)+¢THX

GO TO 506

EPF=EP(1)

XD=xP{1)

XC=XP{1l)
QX=xXP(Il)=]12.

QY=YP{Il)#12,

QT=TH(11)#57.,29578
QP=PPL11)/144.
WRITE(6,510)

WRITELG6, 99)I1,QX,QY o XMP(I1),QT,TP(I1),QP
QX=XP{1l)#12,
QYy=YP{(1l)+12,
QT=TH(1)#57.29578
QP=PP(1l)/144.
WRITE(6,510)

L=1

WRITE(6, 99)L QX QY XMP{1),QT,TP(1),QP
FORMAT(1HO4+9 HSLIP LINE)
CALL FLDRTNI(4)

60 TO 78

BACKSPACE 3

BACKSPACE 3

CALL FLDRTNI(9)

J2=KNR

J1=1

Q1=5Sx{2)

Q2=5Y(2)

Q3=SM(2)

Q4=STH(2)

Q5=ST{(2)

Q6=5P1{2)

Q7=SVvi{2)

DO 609 JK=LSK,KNR

CALL TRANS (J1,J2,2)
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Jl=J1l+l
609 J2=J42-1
Ji=Jl-1
LSK=J1
DD 615 JK=1,J1
CALL TRANS (JKyJK,sl)
615 CONTINUE
BACKSPACE 3
BACKSPACE 3
READ(3) I
K={+J1
Jil=J1+1
READ(3)(XP(IKL) 9 YP(KL) ¢ XMP (K1) o TH{KL) yTP(K1),PP{KL)yVLP(KL) 4Kl=Jl,K
1)
BACKSPACE 3
BACKSPACE 3
XP({J1)=Ql1
YP{J1)=Q2
XMP(J1)=Q3
TH{J1)=Q4
TP(J1)=Q5
PP{J1)=Q6
VLP1J2)=Q7
UX{1)=XP(K)
UY{l)=YP(K)
BX{2)=XP(LSK)
BY{2)=YP{LSK)
L=2
M=LSK+1
MM=M
J=M
CALL FLDRTN{(6)
616 L=2
M=1
CALL BPRTN(4,XXB2,YYB2,1)
K=MM
D0 950 1=1,MM
IF(XP{K).NE.XP(K~-1)) GO TO 951
950 K=K-1
951 KK=K
DO 952 I=1,KK
CALL TRANS({I:K,2)
952 K=K-1
WRITE{4)KK
WRITECA)(SXUI)oSYUL1)ySMUI)oSTH(L)STII)4SP(L)ySVIL)yI=14KK)UI
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6145

620

621

622

MM=MM+1

M=MM

K=LSK+N-1
Ql=uyv{2)-uY(l)
Q2=UxX{2)-ux(l)
Q3=BY(2)-UY(1l)
Q4=BX{2)-UX(1)
2Y=0.

KZ=2

GO TO 6144
CONTINUE

J=M

CALL FLDRTNI(3)
60 TO 616
NB=N+NL+NU-1
I=NB

J8=1

DO 621JI=NRyNB
CALL TRANS (J8,y1,3)
I=I-1

Jd8=J8+1

DO 622 I=1+KNR

CALL TRANS(JB8,1,1)
J8=J8+1

KNR=J8~1
GO TO 623
END

LIST OF FORTRAN PROGRAM

MAIN PROGRAM
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LIST OF FORTRAN PROGRAM
SUBROUTINE STLZ

SUBROUTINE STL2(XB,YB,NL)
STARTING LINE COMPUTATION
DIMENSION YP{600),XP{600),TH{600) XMP(600),TP(600),PP(600),
1VLP(600)
COMMON YP s XPyTH XMP,TPyPPyVLPsGAM,GML y Gy XMyNyPsTyRyLsMyJyNLsXXB2
lYYB2sNUsGP1l,FEPA
DIMENSION X8(100),YB(100)
PI1=3.1415927
12 THST=FE+PI/2.
FE=FE+(PI/2.,~ARSIN{1e/XM)+SQRT(GP1/GML) #ATAN(SQRTIGML/GPL*{XM%XM~1
1) JI-ATAN(SQRT { XMeXM—-1,1}))
16 Jd=l
TSC=SIN(PI+FE) /COS{PIL+FE)
1 YD=YB{JJ+1)-YB(JJ)
XD=XB{(JJ+1)~-XxB(JJ)
XA=1./1YD/ XD~ TSCI#{YYB2-YB(JJ)+YD/XD=XB(JJ)-XXB2#TSC)
1F(XA~XB(JJ))3,2,2
2 IFIXA=XBlJJI+1))424,5
5 JJ=JdJ+1l
G0 10 1
3 WRITEL646)XAXBLJII)  XB{II+])
6 FORMAT(1HO,3E15.8)
STOP
4 YPINL+1)=YB(JJ)+(XA-XB(JJ))/XD=YD
XP{NL+1l)=XA
14 THINL+L)=ATAN((YB(JJ+1)=YB(JJ) )/ {IXB(JI+1)=-XB(JJ)))
15 XMP{NL+1)=XM
PPINL+1)=P/({1.+GM1/2.#XM222) %2 (GAM/GM1))
TPINL+1)=T/{l.+GM1/2.xXMu%2)
THP=THI{NL+1)%57.29578
QX=XP{NL+1)®12,
QY=YP(NL+1)=12,
QP=PP{(NL+1)/144.
KN=NL+1
WRITE(6y10)KN,QX,QY, XMy THP, TP (KN),QP
XN=N
XN=XN°1.
DX=(XXB2~-XA) /XN
MQ=2+NL
MR=N+NL
D0 9 MM=MG,MR
XP {MM)=XP(MM-1)+DX
YP{MM)=YP{MM=-1)+(YYB2-YP(NL+1) )/ (XXB2~XP(NL+1))=DX
XMP {MM) =xXM
TH{MM)=TH(NL+1)
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SUBROUTINE STL2

TPI{MM)=TP(NL+1l)

PP(MM)=PP(NL+1)

QX=XP(MM)=12.

QY=YP{MM)s=12,

KN=1+NL
9 WRITE(6,10)MM,QX QYo XM, THP TP {MM),QP
10 FORMAT(1HO,13,2X,6(3XyE15.8),15)

RETURN

END
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SUBROUTINE BPRTN

SUBROUTINE BPRTN(KODE X5 YysNX)
BODY POINT CALCULATIONS

DIMENSION YP(600) 4 XP{600),TH{600) XMP(600),TP(600),PP{600),

1VLP(600)
DIMENSION X{100),Y{100])

DIMENSION FRX[50),FRY(50)4FRV(50),FRT(50),FRP{50),FRTH(50),

1FLX({50 ),FLY{50 ) FLP(50 )

COMMON YP 4 XP,THoXMP, TP yPP4VLPyGAMyGML )G9y XMyNy Py TyRyLyMyJyNL,XXB2,

1YYB2,NU,GP1,FE,PA

COMMON FRXyFRY yFRVyFRTyFRPyFRTH FLX,FLYFLP,AT,NF

COMMON YU ,GWsRW,PT,TT ,W,X0
COMMON/LEE /WX

CALL SSWTCH(2,JSHW)

I1JK=0

IF{KODE .EQ. 3) GO 1O 65
[TR=1

1004 FORMAT(1HO,40X, 18HBODY PUINT ROUTINE)

20
60

61
23

CP=GAM*R/GM1
H1=CP#TP{L)=*G
Al=SQRT{(GM1%H1)
V1i=XMP(L)*Al
B1=ARSIN{ALl/V]1)

H=WX
PS=P#(2./GPl)=#%{GAM/GM])
TS=T#{2./GP1])

S1=CP#ALOG((TP(L)/TS)/(PP(L)/PS )*%(GML/GAM)))+500.
SB=CP#ALOG{{TP{M)/TS)/ ((PP(M)/PS )#x(GML/GAM)))+500.

IF{(NX.LT.0) GO TO 3000
IF(KODE.EQ.5)GD TO 5999
IF(KODE.EQ.4)G0O TO 3336
IF(JSW.EQ.2)
1WRITEL6,1004)

DO 1 I=1,NX

K=1

IF(X(L)-XP(M))1l,41,2
CONT INUE

GO TO (60,61,52),K0DE
KEY=1

GO 7O 23

CONTINUE

K=NX
TH3=ATAN({YIK) =Y (K=-1)) /7 {X{K)=X{K=1)))
B3=ARSIN(1./XMP(M})
B4=8B3
A3=SQRT(GML*CP=TP (M) *G)

42




l

LIST OF FORTRAN PROGRAM
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V3=XMP (M) #A3
T3=TP(M)
TH4=TH{(M)

58 CONTINUE

34 C1l=(TH3-B3+TH4-B4) /2.

43 C1=SIN(Cl)/C0SI(Cl)
B=((Y(K)-YP(L) )= (X(K)=XP{L))eCL)/Z((YP(M)=YP(L))-(XP(M)}-XP(L))=C1)
X&4=XP(L)+B#(XP(M)-XP(L))
Y4=YP(L)+B=(YP{M)=-YP(L))
XM4&=XMP(L)+B#* (XMP(M)-XMP(L))
TH4=TH(L)+B&#(TH(M)-TH(L))
T4=TP(L)+B=(TP(M)-TP (L))

P4=PP (L) +us(PP(M)-PP(L))
S4=S1+B#(SB-S1)
TH44=TH4#57.29578
A4=SQRT(GM1+CPuT4a()
Va=XM4®A4
B84=ARSIN(1./XM4)

45 C3=COS{{TH3-B3+TH4-B4)/2.)

47 Cl={B3+B4)/2.
€C2=C0S(C1)

C1=SIN(C1)

48 V3=V4+{(V3+V4)/2.%C1/C2) % {(THe-TH3+C1oSIN{{THI+TH4)/2.)/((Y(K)
14Y4)/72.2C3) 8 (X{K)=X4)=((T34T4)/2.)/(((A3+A4)/2.)uu2)u(1la(2 =
1(SB~54)+G6))

50 H3=H-,52Vv3sV3

A3=SQRT(GM1eH3)
83=ARSIN{A3/V3)

XMP3=V3/A3

T3=H3/(CP=G)
P3=PP(M)#{T3/TP(M))a=(GAM/GM])
THP=TH3#57.29578

IF{ABS (B-BP)~.000001)56¢56,57

57 BP=8
GO TO 58

56 IF{JSW.EQ.2)

IWRITE(64205)

205 FORMAT (1HO,12HINSERT POINT)

QX=X4w12.

QY=Y4e12,

QP=P4/144.

IF(JSW.EU.2)
LWRITE(6,1006)M,QX QY s XMG,y THL4 T4 ,QP
IF{JSW.EQ.2)

1WRITE(6,206)
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206

51

500

6666

305

LIST OF FORTRAN PROGRAM

SUBRUOUTINE BPRTN

FORMAT({1HO,12HCURNER POINT)
QX=X{K)#*12.

QY=Y{(K)*1l2.

QP=P3/1l44.

IF{JSW.EQa2)

LWRITE(641006)M,QX,QY s XMP3,THP,T3,QP
VLP(M)=V3
XP{M})=X{(K)

YP(M)=Y(K)

XMP (M) =XMP3
TH{M)=TH3
TP(M)=T3
PP(M)=P3
CONTINUE
MP=1
FLXINF)=XP(NL+1)

"FLY(NF)=YP (NL+1)

FLP(NF)=PP(NL+1)

FORMAT{6EL13.6)

GN2=GN— 1 )

GWl=6W+1l.

HB=CP*G=TP (M)

AB=SQRT(GM1#*HB)

VB=XMP (M) =AB

EB=PP(M)/(RxTP(M))
PBO=PP{(M)#(1.+GM1/2.#XMP{M)=#22) 22 (GAM/GML)
TBU=TP (M) % {1.+GM1/2. % XMP(M)ux2)
IF(W.EQ.04)60 TO 4441

AS=W/(PT#SQRT{GW#G/TT/RW*(2./GWL)*%(GW1/GW2)))
IF{JSW.EQ.2)

INRITE(646666)AS
FORMAT{1HO,6HASTAR=E15.8)

CALL PRR{YO,PS ASyPT Gy XMS,MP, X0y XMLy XM2,PML,PM2)
IF{MP.EQ.3)60 TO 7777
XM1=X0
PML=PS
IF(JSW.EQ.2)

IWRITE(6,305)
FORMAT(1HO/1HO,34HTHRUST DISTRIBUTION ALONG THE PLUG)
SUMM=0.

SUMV=0.

NZ=N-1
DO 91 I=14NZ
P12=(FRP({I)+FRP({I+1))/2.
T12={FRT{I)+FRT{I+1}))/2.
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LIST OF FORTRAN PROGRAM

SUBROUTINE BPRTN

RO12=P12/(R#T12)
Al2=3,1415927# (FRY(L)+FRY(I+1))#SQRT{(FRX(I)-FRX(I+1))=e2+(FRY(])
1-FRY(I+1))%e2)
TH12=(FRTH(I)+FRTH(I+1))/2.
FELZ2=ATAN((FRX{I)=FRX{I+1))/(FRY{I+1)-FRY(I)))
V12=(FRV(I)+FRV(I+1)) /2.
SQ=FE12-TH12
VM=R012#V]12#A12+C0S(5Q)
VMOM=VM/G=V12#C0OS(TH12)
VMOMP=P12#A12+COS(FEL12)
VMO=VMOM+VMOMP
SUMM=SUMM+VMO
SUMV=SUMV+VM
91 CONTINUE
CFI=SUMM/ (P=AT)
IF(JSH.EQ.2)
IWRITE{6,96)SUMM,CFI
IF{JSW.EQ.2)
1WRITE(6,400)SUMYV
400 FORMAT{1HO423HPRIMARY MASS FLOW RATE=E15.8)
96 FORMAT(1HOs5HSUMM=E15.8,3X,4HCFI=E15.8)
SUMP=0.
NB=NF-1
00 92 I=1,N8B
IF(SUMP) 602,602,601
602 CONTINUE
IFIFLX(L)-FLX{I+1))600492492
600 IF(1.EQ.1)GO TO 601
P12=(FLP(1)+FLP(1+1)}))/2.
Al2=3.141592T7T« (FLY(1)+FLY{I+1))#SQRT((FLX{L)-FLX{(I+]1))*w2
Le(FLY(1)-FLY(I+1))%=2)
FEL2=ATANU(FLX{L)-FLX{L1+1))/(FLY(I+1)~FLY(1)))
PI=P12#A12#C0OS(FEL12)
IF(FLY(1)-FLY(I+1))72,73,73
601 Pl2=(FLP(I)+FLP(I+1))/2.
Al2=3.141592T«(FLY(L)+FLY(I+1))#SQRT((FLX{1)-FLX(I+1)) =2
1+(FLY(I)-FLY(I+]1))==2)
FEL2=ATANU(FLX(I)-FLX(I+1))/IFLY(1#1)=-FLY(I1)))
PI=P12#A12#CUS(FEL12)
IF(FLY(1)-FLY(I+1))72,73,73
12 Pi=-P1
T3 SUMP=SuUMP+PI
TOT=SUMM+SUMP
CF=TOT/{P=AT)
QX=FLX{I+1)=]12.
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LIST OF FORTRAN PROGRAM

SUBROUTINE BPRTN

QY=FLY(I+])#]2,
IF{JSW.EQ.2)
LWRITE(6,594)QX,QY,TUT,CF
92 CONTINUE
94 FORMAT(1HQO,2HX=E15.8,3X42HY=E15.833X92HT=E15.8,3X,3HCF=E15.8)
AX=AT#%144,
IF{JSW.tWQ.2)
IWRITE{6,93)AX
93 FORMAT(1HO,3HAT=E15.8)
TS=TT/({1.4GW2/2.#XMSu%2)
HS=GW*RW/GW2+TSx(
$S=SUQRT{GW2=HS)
VS=XMS#53
RS=PS/RW/TS
AB=3.14159272Y0#=2
XXM=RS#VS#»AB
XMB=XXM/G*VS+PS=AB
TVAC=TUT+XM8
IF{JSW.EQ.2)
IWRITE(695000)XXM
5000 FORMAT{1HO,25HSECONDARY MASS FLUW RATE=E15.8)
CFVAC=TVAC/(P=AT)
AE=3,1415927%YYB2 LA R4
THRUST=TVAC-PA=AE
CFREAL=THRUST/ {(P#AT)
PB=PS/144.
IF{JSW.EQa2)
1WRITEL6,6111)TOT, XMB, TVAC, THRUST
6111 FORMAT(1HO,29HTHRUST FROM PLUG NOZZLE WALL=E15.8/1H0,17THTHRUST FRO
1M BASE=E15.8/1H0, 20HTOTAL VACUUM THRUST=E15.8/1H0,49HACTUAL THRUST
1 (CONSIDERING THE AMBIENT PRESSURE)=El5.8)
4442 PB=PP(M)
IF{PP(M)-PS)503,503,504
503 IF(JSW.EWQ.2)
IWRITE(64507)PB,PS
507 FORMAT(1HO,2(3X,EL15.8))
sTOP
504 DTT=G*#{PB~PS)*SQRT{XMP(M)#%2-1.)/EB/VB/VB
FL=NL
DT=DTT/(FL-1.)
I[K=NL
NLL=NL-1
DO 505 I=1,4NLL
IK={K-1
PP(IK)=PB-EB*VB##2/(G*SQRT(XMP (M) »#2-1,) )= (FLOAT(I)*DT)
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LIST OF FORTRAN PROGRAM

SUBRUUTINE BPRTN

XP(IK)=XP(M)
THUIK)=TH{M)-{FLOAT(I)=«DT)
YPLIK)=YP(M)
XMP{IK)=SQRT{2./GM1#((PBO/PP(IK) )%= (GML/GAM)-1.))
505 TPLIK)=TBU/{1.+GML/2.¢XMP(]K)=n2)

CALL TRANS(NLyM,3)
IF(JSW.EQ.2) WRITE(6,6222)

6222 FORMAT(//77771H0450Xs2THJET FLOW FIELD COMPUTATIONS/1HO,30X,TOH(RE

1SULTS VALID EXCLUDING THOSE BEYOND THE POINT OF SHOCK INTERSECTION
1))

IF{JSW.EQ.2)
IWRITE(6,501)
501 FORMAT{1HO+28HLEFT RUNNING CHARACTERISTICS)
I=NL
DO 50611=1,NL
THP=TH{[)*57.29578
QP=PP(1)/1l44.
IF{JSW.EQ.2)
IWRITE(6,1006)1,QX QY2 XMP(1),THP,TPLI),QP
506 I=i1-1
AA=SQRT{GM1=CP=»TP{1)sG)
VPO=XMP (1) =AA
IF{JSW.EQ.2)
1WRITE(6,7002)VPD
TSEC=TT#(PS/PT)%a((GHW-1.)/GW)
CPP=GW#RW/(GH-1.)
HSEC=CPP#TSEC*(
ASEC=SQRT{({GW-1.)«HSEC)
VSEC=ASEC#XMS
IFlJSW.EQ.2)
1WRITE(647003)TSEC
IF({JSH.EQ.2)
IWRITE(6,47004) VSEC
IF(JSH.EW.2)
LWRITE(T,7799)TP(1),TSEC,VPD,VSLEC
7799 FORMAT(4EL2.5)
J=666
IF(JSW.EQ.2) WRITE(6,6223)
6223 FORMATI(1HO,30X,60HFLOW PROPERTIES COMPUTED ALONG RIGHT RUNNING CHA
1RACTERISTICS)
RETURN
65 NIZ=N+NL
TH3=TH(NZ)
XMP3=XMP(NZ)
P3=PP(NZ)
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401

207
1007

53

995

544

54

2

300

LIST OF FURTRAN PROGRAM

SUBRUUTINE BPRTN

T3=TP(NZ)

K=1

CONTINUE

IF(JSW.EQ.2)

LWRITE(64207)

FORMAT(1HO,29HRIGHT RUNNING CHARACTERISTICS)
FORMAT(12,E15.8,12)

C3={GAM+1.)/GM]

C4=1./C3

TERM=TH3-SQRTIC3)#ATAN(SQRT(C4={XMP3#22-1,)) ) +ATAN{SQRT(XMP3ne2-],

1))
XME=SQRT(2./GML* ( (1. +GM1/2.2XMP3%=2)/({PA/P3)%u(GML/GAM)Y)~1.)
1)

XNU=NU

DM={ XME-XMP3)/{(XNU-1.)

XM=XMP3

DD 54 I1=1,NU

XMP(NZ)=XM
THINZ)=TERM+SQRT{C3) *ATANISQRT (C4= (XM*XM=14)) ) -ATAN(SQRT(XM=XM-1.
1))

RTHP=TH(NZ}* 57.29578

TP{NZ)= T3/7(1le+GML/28XMeXM) # (1o +GM1/2.#XMP3#%2)
PPINZ)=P32{{1.+GCGML/2.%XMP3##2)/(1ls+GMLl/2.%XM%XM})

1« (GAM/GM])

XM=XM+DM

XP(NZ)=X(K)
YPINZ)=Y(K)
AX=X(K)=12.
QY=Y(K)*12.
QP=PP{NZ)/144.
IF(JSW.ER.2)
IWRITE(6,1006)INZ,QX QY XMPINZ) yRTHP  ,TPINZ),QP
NZ=NZ+1
RETURN

J=K-1

XBl=xX(J)
XB2=X{K)
YBL=Y(J)
YB2=Y(K)
CONTINUE
XTH3=TH(M)
XY3=YP (M)
XXMX3=XMP (M)
XB=XB1

BB=B1
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LIST OF FORTRAN PROUGRAM

SUBROUTINE BPRTN

vBg=Vvl
TB=TP(L)
AB=Al
KCNT=0
IF(NX.LT.0) GO TO 22
KKNT=0
11 KKNT=KKNT+1
IF(KKNT-50)111,111,133
133 IF(JSW.EQ.2)
LWRITE(6+134)XBPXB,XB1l,XB2
134 FORMAT(1HO,4E15.8)
GO 10 13
111 THIM)=ATAN{LYB2-YB1l)/{XB2-XBl))
22 60 TO (33,44),K0ODE
33 Z1=(TH({L)-B1+TH(M)-BB) /2.
29=TH(L)~TH(M)
G0 TO 55
44 Z1=(TH(L)+B81l+TH(M)+BB) /2.
Z9=TH{M)-TH(L)
55 22=C0S(Z1)
KCNT=KCNT+1
Z10=SIN((B1+BB)/2.)
Z3=SIN(Z1)/22
Z4=SIN(TH(M))/CUS(TH(M))
Z5=SIN((TH(L)+TH(M))/2.)
27=(Bl+BB) /2.
28=C0S(17)
26=SIN(ZT7)
XBP=(YP(L)-YBl-XP(L)#Z3+XBl#%74)/(24-23)
YP(M)=YBLl+(XBP-XBl)=Z4
VBP=V1+{(V1+VB)/2.%26/28)%(79+(15%210/((YP(L)+YP(M))/2.%22)) =({
LXBP~XP(L))=((TP(L)+TB)/2./{{(AL+AB)}/2.)#%2)n76478)#(SB-S1)=G)
12 HBP=H-VBP*VBP/2,
AB =SQRT{GM1=HBP)
XMP (M) =VBP/AB
TB =GM1*HBP/ (GAM#R«()
IF{XMP(M)-1.)997,998,998
997 IF(JSW.EQ.2)
IWRITE(64134)XMP (M)
N=0
NU=0
NL=0
RETURN
998 CONTINUE
IF(ABS({XBP-XB)/XB)-.000001)3,3,4
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LIST OF FORTRAN PROGRAM

SUBROUTINE BPRTN

4 BB=ARSIN{1./XMP(M))
XB=XBP
ITR=1ITR+1
vB=VBP
IF{KCNT-50)22,22,333
333 IF{JSW.EQ.2)
IWRITE(6,134)XBPyXByXB1,yXB2
3 IF{NX.LT.0)GO TO 13
IF{XB1-XBP)6,413,5
6 IF{(XBP-XB2)13,13,9
9 XBl=XB2
YBl=YB2
J=J+1
K=K+1
IF(K-NX)21,21,200
200 THI(M)=XTH3
YP{M}=XY3
XMP{M)=XXMX3
G0 TO 20
21 XB2=X{K)
YB2=Y(K)
GO0 710 11
5 XB2=XB1
Ys2=vyB1
J=Jd=1
K=K-1
XBl=X(J)
YBl=Y{(J)
IF(J)20420,11
13 THB2=TH{M)*57,29578
PP(M)=PP(M)%(TB/TP({M))=x(GAM/GML)
TP{M)=T8
QX=X8Pp#l2.
QY=YP (M) %12,
QP=PP{M)/144.
VLP(M)=VBP
XP(M)=XBP
IF{NXeGTL0.AND . JSW.EQe2)
IWRITE(641006IMyQX e GY s XMP (M) 4 THBZ2,TP(M),QP,ITR
RETURN
1006 FORMAT (1HO413,2X46(3X4EL15.8),15)
3336 THD=THI(1)
IF{JSW.EQ.2)
1WRITE(6,7000)
7000 FORMAT(1HO,40X,19HFREE BUUNDARY POINT)
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LIST OF FORTRAN PROGRAM

SUBROUTINE BPRTN

TD=TP(1)
5D=58
AB=SQRT(GML«CP*TP(1)+G)
AD=AB
VB=XMP(1)*AB
vD=vB
BB=ARSIN{AB/VB)
8D=88
PBO=PP{Ll)#(1.4+GM1/2.2XMP(]1)#=2)=s2(GAM/GM])
3333 Z1={(TH(2)-B1+THD-BD)/2.
42=SIN(Z1)
23=C0S(Z1)
14=22/13
I5=(TH(1)+THD) /2.
26=SIN{(Z5)/C0S(15)
XPD={YP(2)~YPLL)-XP(2)#24+XP(1)%26)/(26-24)
YPD=YP(1)+(XPD-XP(1))=Z26
IF(W.EQ.0.)G0 TO 4443
CALL PRR{YPDPSsASyPTGWyXMSyMPyXPDyXM1,XM2,PM1,PM2)
IF(MP.EQ.3)GO TO 7777
XMD=SQRT(2./6GM1#( (PBU/PS) ##(GM1/GAM]-1.))
PD=PS
TO=TP{1)=(PD/PP(1) )e=(GM1/GAM)
HD=CP#TD»(
AD=SQRT(GM1sHD)
VPD=XMD#=AD
BD=ARSIN(AD/VPD)
4446 13=COS({(TH(2)-B1+THD-8D)/2.)
27={(B1+8BD)/2.
Z8=SIN(Z7)
Z11=C0S(27)
29=28/111
Z10=SIN((TH(2)+THD)/2.)
212=(TP(2)+TD) /2.
TPD=TH(2)-(VPD~-V1)«COS(BL1+8D)/SIN(BL+BD)/((VPD+V1)/2.)+784210/{(
LYP(2)¢YPD)/2.#23)#(XPD-XP{2))-({(TD+TP(2))/2.)/(((AD+Al)/2.)%=2)
1#Z8=7211)%(SD-S1)+G
IF{ABS{(TPD-THD)/THD)~-.00001)3335,5552,5552
5552 THO=TPD
IJK=1JK+1
IF{1JK-50)3333,3335,3335
3335 xP(1)=XPD
XM2=XM1
XM1=XPD
PM2=PM1
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LIST OF FORTRAN PROGRAM

SUBRUUTINE BPRTN

MpP =2
PML1=PS
YP{1l)=YPD
VLP{1)=VPD
TH{1)=TPD
TPO=TPD*57.29578
TPL1)=TD
PP(1)=PD
XPD=XPD#l2.
YPD=YPD=12.
PD=PD/1l44%.
KA=]
IF(JSW.EQ.2)
IWRITE{6491006)KAXPDyYPDyXMDyTPD,TD,4PD,y IJK
IF{JSW.EQ.2)
IWRITE(6,7001) XMS
IF{JSH.EQ.2)
IWRITE(6,7002)VPD
TSEC=TT#{PS/PT)#»{ (GW-1.)/GW)
CPP=GW#RW/ (GW-1.)
HSEC=CPP=#TSEC=®G
ASEC=SQRT((GW-1.)*HSEC)
VSEC=ASEC#*XMS
IF(JSW.EQ.2)
IWRITE[6,47003)TSEC
IF{JSW.EQ.2)
LWRITE(6,7004)VSEC
7003 FORMAT(1HO,27THSECONDARY FLOW TEMPERATURE=ELS5.8)
7004 FORMAT({1HO 24HSECCONDARY FLOW VelLOCITy=E15.8)
7002 FORMAT(1HO,17HPRIMARY VELOCITY=£15.8)
7601 FORMAT(1HO,22HSECONDARY MACH NUMBER=E15.8)
IF{JSW.EWQ.2)
IWRITE(T7,1666)XP(1),YP(L1),PP(1)
1666 FORMATI(3EL16.7)
RETURN
TT177 IF{JSW.EQ.2)
1WRITE(6,7778)
N=0
NL =0
NU=0
7778 FORMAT(1HO,10X,20HSECUNDARY FLOW CHOUKE)
RETURN
4441 PS=PT
GO TO 4442
4443 VYPD=VD
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LIST OF FORTRAN PROGRAM

SUBROUTINE BPRTN

XMD=XMP (1)
PD=PP(1)
60 TO 4446
5999 IF(JSW.EQ.2)
LWRITE(6,5001)
5001 FORMAT(1HO,40X,25HUPPER FREE BOUNDARY POINT)
I1=1
JP=11
J=2
ITR=1
B3=ARSIN{1l./XMP(II1))
B2=ARSIN(L./XMP(J))
H3=CP«G=*TP(11])
H2=CP#G+TP (J)
A3=SQRT(GM1#H3)
A2=SQRT{GM1eH2)
V3=A3«XMP(I11)
S3=CP#ALOG((TP{II)/TS)/U(PP(I]1)/PS)==(GML1/GAM)))+500.
S2=CPoALOGL(TP(J)/TS)I/L(PP(J)/PS)#=(GM1/GAM)) ) +500.
T3=TH (II)
C2=(B3+B2)/2.
C11=SIN(C2)
C12=C0S(C2)
5003 Cl=(T3+TH (J))/2.
C3=(T3+TH (JP))/2.
C4=C1+C2
C5=SIN(C4)
C6=C0S(C4)
C71=C5/C6
C8=SIN(C3)
C9=C0S(C3)
C10=C8/C9
X3=(YP{J)-YP(JIP)+XP(JP)uCLlO0-XP(J)eC7)/{C10-CT)
Y3=YP(J)+CT=(X3-XP(J))
T3P=TH(J)+(V3=VLP(J))=CLl2/CL1L/((V3+VLP(J))/2.)-ClL=CS/(YP(J)+Y3)/2
1.2C6 #(X3-XP(J))+(TP(2)+T73)/2./(((A2+A3)/2.)%e2)=(]1]14(12#%(S3-52)+G
IF{ABS((T3P-T3)/73)-.00001)5010,5010,5002
5002 T3=7T3pP
IF(ITR.EQ.50)G0 TO 5010
ITR=ITR+1
60 TO 5003
5010 XP{I11)=X3
YP({Il)=Y3
TH {(I1I)=T13
TX=T3#57.29578
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LIST OF FORTRAN PROGRAM

SUBROUTINE BPRIN

QX=X3%]12.
QY=Y3#12.
QP=PP(I11)/144.
IF{JSW.EQ.2)
LWRITE(6,1006)11,QX QY+ XMPUIL)yTX,TP{II),QP,I1TR
RETURN

3000 TH(M)=X(1)
XBl=XP (M)
YBi=YP(M)
GO TU 300
END

54




c

2

24
25

18
11

LIST OF FORTRAN PROGRAM

SUBROUTINE FLDRTN

SUBROUTINE FLDRTN (12)

FIELD POINT CALCULATIONS INCLUDING SHOCK POUINT CALCULATIONS
DIMENSION YP{600) XP{600) ,THI600) 4XMP(600),TP(6UD),PP(600),

1VLP (600)

DIMENSION FRX{50) oFRY{50) 4FRV(50) FRTIS50)FRP(50),FRTH{50),
LFLX{50)+FLY(50),FLP{50)

DIMENSION U4(3),TH11(3),TH1(3)

DIMENSION H{3),A(3),V{(3),8(3),5(3)

COMMON YP ¢ XPsTHyXMP TP PP VLPyGAMyGML s Gy XMygNgPyTyRyL My JyNLyXXB2,
lYYB2,NU,GP1,FE,PA

COMMON FRXJFRY yFRV yFRT yFRP,FRTHyFLX FLYFLP, AT 4NF

COMMON YU sGWsRW,PQ»TQyWH, XD

DIMENSION SX{600),SY(600),SMI600),,STHI600),STL600),5P(600),SV{600)
COMMON/BEN/SXpSY sSMeSTHST,S5P,SV

COMMON/LEE/MW
COMMON/BUN/UX,UY BXyBY Ul yUM,BM,UTH,BTH,UT,BT,UP,BP,UV,8V,UU,BU
DIMENSION UX{2),UY(2),8X{2),BY(2),UM(2),8M{2),UTH{2),BTH{2),UT(2),
1BT{2),UP(2),8P(2),UVI(2),BV(2),UUl2),BU(2)
COMMON/TERRY/CPyPT s TT o X14,Y144XM14,TH14,T14,P14,514,V14,Bl4,Al4%,
1H A9 Vs By S

COMMON/ JUL /KX

CALL SSWTCH{2,JSW)

IF{M.EQ. {N+NU#NL-2)) M9I=]

IF{12.EQ.9) GO TO 6661

MS=1

CP=GAM*R/GM]

KY=0

XTH=,0174532925

IFIIZ.EQ.10.0R.12.EQ.11)G0 TO 831

IF{12.6EQ.7.0R.1Z.EQ.8) GU 70 4

IF{IZ.EQ.4)G0 TO 400

IF(JSW.EQ.2)
1WRITE(6,2)

FORMAT{1HO,40X,13HFIELD ROUTINE)

IF{I1Z.EQ.6) GO TO 1555

I1I=M

DO 10 IJ=LM

ITR=1

J=Jd-1

JP=11+1

IF{1Z.NE.5.AND.I1Z.NE.8) GO TO 20

J1l=JpP

JP=J

J=Jl
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227

LIST OF FORTRAN PROUGRAM

SUBRUUTINE FLDRTN

DO B8 I=1,2

Jl=J

IF(I.EQ.2)J1l=4P
H{1)=CP+TP (J1) %G
A(L)=SQRT{GML#*H(]))
VII)=XMP(J1)*A(I)
B(1)=ARSIN(A(I)/VII))
PT=P#{2./GP1)##(GAM/GM1)
TT=T#(2./GP1l)
SUL)=CP=ALOG(ITP(JLYI/TT)/((PP(JL)/PT)##(GML1/GAM)))+500.
CONTINUE

IF(KXeNE«S) W=H(L)I+V({1)*V(1)/2.
KX=5

TPLIL)=TP(J)

B{3)=B(1)

TH(I1)=TH(J)

$(3)=51(1)

Al3)=A(1)

vi3)=vil)

CONTINUE
Z1=(TH{J)+B{1)+TH(L11)+B(3))/2.
L2={TH{JP)-B(2)+TH{I1)-B(3))/2.
Z4=(Bl1)+B(3))/2.
15=(B8(2)+B(3)) /2.
Lé6=(V(1)+VI3}))/2.
ZT=(V{2)+V{(3))/2.

212=C0S(21)

Z13=C0S(22)

216=C0S5(24)

217=C0S(.5)

FORMAT (1HOy1342X46(3X,E15.8)413,E13.6)
Z8=SIN(Z1)/212

Z9=SIN{z22)/213

210=SIN(24)

Z11=SIN(/5)

L14=216/110

215=211/211
218=(TP{J)+TP(I1)) /2.
Z19=(TH{JI+TH(IL1)) /2.
220=(TH(JP)I+TH(IIL)) /2.
121=2.%218
232={{A(2)+A(3))/2.) %%
238={TP{JPI+TP(11))/2.
222={(A(1)+A(3))/2.)%%2
Y8=ABS(78)
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9999

LISF OF FORTRAN PROGRAM

SUBROUTINE FLORTN

IF(Y8.LE..COC00LIXP(ILI)=XP(JP)+(YP(J)-YP{IP)})/Z9
IF(Y8.GT..000001)
IXPL{II)=(XPlJ)+1./28%(YP(JP)-YP(J)-XP(JP)=Z9))/(1.~-29/18)
L25=XP{11)-XP(JP)

226=XP{I1)}-XP(J)

YPLITI)=YP(JP)+Z19+225

123={YPtJ)+YP(I])) /2.

L24={YP(JP)+YP(II)) /2.
S{3)=S(1)+((S(2)-5(1))#Z226+{210/212))/(226%210/212+225%7211/1213)
VI3)=1./1214726+215/27)%{TH{JIP)-TH(J)I+214/26#V(L)+115/2T«V{(2)+
1Z10#S5IN(Z19)/(223«712)%226+211#5SIN(220)/(224%213)%225-218/(222)%Z
2108716%#(S(3)-S(1))eG-(238/232)%Z11#217%(S5(3)-S{c))*G)
TH3P=TH{J)+(V(3)=-VI(1))#(Z14/26)~(Z10«SIN(Z19))/(223%212)2226+218/
1222%210%216%(S(3)-5(1))*G

H{3)=W=-V{3)sV(3)/2.

A{3)=SQRT(GML=H(3))

TPLII)=GM1#H(3)/{GAM*R*G)

IFLITR-50)67,67,68

IF{JSW.EQ.2)

LWRITE(645)I1,TH3P,TH(II)

ITR=1

GO 70 6

IF(ITR-1)7,7,66

IF(ABS{TH3P-TH(II))-.0000011)6,6,7

B{3)=ARSIN{A(3)/V(3))

TH(I1)=TH3P

ITR=ITR+]

60 TO 227

THUII)=TH3P

vLP(I1)=Vv(3)

THPP=TH(I1)#57.29578

PPLIL)=PP(J) % (H(3)}/H(1))#=(GAM/GML))/(EXP{(S(3)=-S(1))/R))
XMP(11)=VI(3)/A(3)

QX=XP(lI)e12.

Qv=YP(1l)=}]2.

QP=PP(11)/144.

FORMAT(1HO,615)

IF(12.EQ.7T.0R.IZ.EQ.8) GU TO 555
IF(KEY«EQ.9.UR.KEY.£Q.8)60 TO 555

IF{KEY.EQ.4)G0O TO 9

IF{IZ.EQ.5)G0 TO 3122

IF{L.NE.2)GU TO 3111

N9=N9+1

IF(KEY.EW.3)GO TO 99

TT2=YP(I1)-YP(II+1)
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TT1=TT2/7(XP(I1)=-XP(1I+1))
THETA=ATANI(TTL)
IF{{(THETA.GE«Oe) e AND& (TT2.GE.04)) e ORe ((THETALLT.0) ANDL(TT2.LT.O
1.)))G0 TO 3111
GO TO 3
99 IF(YPIII)-YP(LMN))3111+98,+98
98 IF(({II-1).LE.LMN)JX=JX+1
IF(JSW.EQ.2)
IWRITE{646789)QX+QY 3 XMP(I1),THPP,TP(11]),QP
[P=11+1
CALL TRANSI(I1I,IP,3)
[19=19~1
YP(IL)=YP(II+1)
IF((II-1).NE.LMN)GO TO 31
JX=JX=1+(11-LMN)
J=LMN
LMN=I1I
JP=4P+1
[1=11+1
GO TO 15
555 IF(KITE.NE.500)U4(1)=UIl
IF{IZ.NE.5.AND.IZ.NE.B)GO TO 988
Ji=J
J=JP
JP=J1l
988 IF(I1Z2.EQ.7.UR.IZ.EQ.8) GO TO 155
U4(2)=U4(1)+XTH
U4(3)=U4(2)+XTH
LN=3
IF{JSW.EQ.2)
IWRITE(6,6T89)QX QY XMP(IL),THPP,,TP (L) QP
GO TO 155
501 CONTINUE
IFIIZ.EQeT.OR.IZLEQ.B) GU TO 5033
IF{JSW.EQ.2)
IWRITE(6:5) 11 ,QXy QY yAMP(L1),THPP,TP(1])QP,ITR
IF(KEYJNELTF)IXI=I1]
IF(KEY.EQ.9)199=199~1
J=199
I1=11-1
KEY=9
GO 70 11
3 IF({IT.GT.(NI+NL)).AND.{IZ.NE.S))G0 TO 3111
[F{JSW.EQ.2)
LWRITE(646T83)QX QY2 XMP(I1) 4 THPP,,TP(I11),WP
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KEY=3

IP=11+1

CALL TRANS{II,IP,3)
IF{JSW.EQ.2)
1WRITE(6442)

42 FORMAT(1HO,40X,17THSHOCK ENCOUNTERED)

UI=TH{I1+1)+B(2)
IF(IZ2.EQ.5)UI=TH(II+1)-B(2)
U44=UIl

JX=1

LN=3

LMN=1T+1

X12=XP (LMN)
Y12=YP(LMN)
XM12=XMP (LMN)
TH12=TH{LMN)
T12=TP(LMN)
P12=PP (LMN)
V12=VLP{(LMN)
Bl12=8(2)
I9=LMN-2
S12=51{2)

GO T0 31

9 GO 7O 311

311
3111

21

1111

15

989

IF((11-1).EQ.LMN)GO TO 15
IF{JSW.EQ.2)

LWRITE(6,5)I1,QX,QYyXMP(11),THPP,TP(I1),QP,ITR

GO T0 31
IF{12.EQ.7.0R.12.EQ.8) GO TO 2121
J=199

KEY=8

60 TO 11

X22=X12
IF{IZ.NE.5)G0 TO 989
Ji=J

J=J4P

JP=41l

CONTINUE

Y22=Y12

XM22=xXM12

T22=T12

TH22=TH12

P22=P12

B22=812
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2121

5033

503

35

LIST OF FORTRAN PROGRAM

SUBROUTINE FLDRTN

S22=512

v2z2=Vvlze
XJP=XP{J)

LN=3

U4{li=Ul
U4{2)=U4(1)+XTH
U4{3)=U4(2)+XTH
YJP=YP(J)

KKK=0

DO 22 1=1,LN
IF(XP(II) LT XP(JP))IGO TU 21
CONTINUE
C={ul+ua(I1))/2.
C1=SIN(C)
C2=C0S(C)
C=C1/C2

BB={(YJP =YPIJP))—(XJP —XP(JIPI)I#C)/((YPLIL)=-YP(JIP))-(XP(I])-XP(

1JP))=C)

Xa=XP(JP)+BB={(XP(I1)=-XP(JP))
Ya=YP(JP)+BB«(YP(II)-YP{JP))
TH4=TH{JP)+BB={TH(II)-TH(JP))
T4=TPJP)+B8B«{TP(II)-TP(JP))
V4=VLP(JP)+8B* (VLP(1I)-VLP(JUP))
P4=PP(JP)+B8B+(PP(II1})-PP(JP))
R2=PP(JIP)I/R/TP(IP)
A4=SQRT(GM1#CPxT4=G)

XM4=V4 /A4

R3=PP(II)/R/TP(II])

R4=R2+BB#*(R3-R2)

H4=W-V4un2/2.
IF{LN.EQe3.AND.KITE.NE.500) GG TO 503
IF{X4.6T.XP(IT))GO TU 501

CONTINUE

IF{X4.LT.XP(JP))GO TO 601

CONTINUE

X1ll=X4

Cl=SIN(TH4-U4(]1))
EP=(GMlaXM4nu22C]1#82+42,)/(GPLoXM4Gu2 2 |#%2)
Yli=Y4
Pll=P4+R4#V4¥N4/Gu (1. ~EP)#Clun?
Hl1=H44V4aV4/2, 5 (1. —EP#EP) #C Ll #x2
TLlLi=GM1*#H11/GAM/R/G
S11=500.+GAM*R/GM1*ALOG{(TLL/TT)/((PLL/PT)%x(GML/GAM)))
VN1l=V4=EP=(Cl

VT11l=V4#COS({(TH4—-U4(]))
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36

84

LIST OF FORTRAN PROGRAM

SUBROUTINE FLDRITN

V11=SQRT(VN1ll##24VT]1l1l%+2)
Al1L1l=SQRT(GM1l+#H11l)
B11=ARSIN(ALlL/V1ll)
R11=R4/EP

D11=ATAN( EP=C1l/COS(TH4-U4(I)))
THLI1(I)=U4(1)+D11
XM1ll=V11/A11
IF(1Z.EQ.T.0R.IZ.EQ.8) GO T0O 41
FORMAT(1HO,1015)

19=199

H13=W-VLP(I9)ex2/2,
Al13=SQRT(GM]1eH13)
Bl3=ARSIN{AL3/VLP(19))
THl4={TH22+TH{19)) /2.
Bl4e=(B22+8B13)/2.
THLLI)=THL1(I)

1JX=0

X12=X22

Y1l2=Y22

XM12=XM22

TH12=TH22

T12=T22

Pl12=pP22

V1i2=v22

Bl2=822

S12=522
C={TH1(1)+TH14+B11+B14)/2.

IF(IZ.EQ.5)C={THL(]1)-Bl1+THI14-Bl4)/2.

C1=SINI(C)

€2=C0S(C)

C=Cl/C2
GP=((Y1ll-Y12)-(X11-X12)}=C)/((YPLI9
X14=X12+GP#(XP(19 )-X1l2)
Y14=Y12+GP=(YP(I9 )-Y12)
IF(X14.6GT.XP(I9))G0 TO 83
IF(X14.17.X12)60 TO 383
V14=V12+GP#(VLP(I9 )-V12)
TH14=TH12+GP#(TH(I9 )-THL12)
H13=W-VLP(I9 )=e2/2,
A13=SQRT{GM1l=H13)
B13=ARSIN{A13/VLP(I9 ))
S13=CP=ALUG((TP(I9 )}/TT)/((PP(I9
Bl4=812+GP+(B13-812)
T14=T12+4GP=(TP(I9 )-T12)
Al4=SQRT{GM1#CP#T14=G)
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SUBROUTINE FLURTN

S14=512+GP=(S513-512)
Pla=Pl2+GP=(PP(I9 )-Pl2)
XM1l4=V14/Al4
IF(ABS(GP-GP0)-.000001)82,82,38

38 GPU=GP
IIX=1JX+1
IF{1JX.EQ.100)G0U TU 82
GO TU 36

83 CONTINUE
X12=XP(19)
Y12=YP(19)
XM12=XMP(19)
TH12=TH(19)
T12=TP(19)
PL2=PP(I9)
Vi2=VLP(19)
Hl2=W-V12%%2/2.
Al2=SQRT{GM1#H12)
B12=ARSIN{Al2/V12)
S12=CP#ALOGI(T12/TT)/((P12/PT)#%(GML/GAM)))+500.
[9=19-1
IF{I9.LE.O.OR. (KITE.EQ.500.AND.I9.Lk.L-2)) GO TOU 401
H13=W-VLP(19)=#r2/2.
A13=SQRT(GM1l=*H13)
B13=ARSIN(AL3/VLP(19))
THLI4={TH12+TH([9)) /2.
Bl4=(B12+B1l3)/2.
GO TO 36

401 IF(JSW.EQ.2)
IWRITE({6,402)
QAX14=X14%12.
IF(JSW.EQ.2)
IWRITE(6,6789)QX14

402 FORMAT(1HU,10X,47THSHOCK ROUTINE RAN OUT OF POINIS BELOW THE SHUCK)
KKK=KKK+1
IFIKKK.EQ.20)50 TO 987
U4(1)=U4(L1)+XTH
Ua4{2)=Ua(2)+XTH
U4(3)=U4(3)+XTH
LN=3
GO TO 155

987 CONTINUE
N=0
NL=0
NU=0
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STOP
RETURN
82 CONTINUE
Cl=(814+811)/2.
C2=SIN{C1)
€C3=C0si(cC1l)
THL(I)=TH14+(V11-V14)#C3/C2/{(V11+4V14)/2.)~-C2=SIN({{THL(I)+TH14)/2.
1)70(Y114Y14)/2.#COS{(THL(I)+B11+4TH14+814)/2.))#{X11-X14)+(T11+T14)
2/72.7(1ALL+AL4) /2. ) %02 )u(24C3%{S11-S14)2G
IF(IZ.EQ.5)THLI(I)=
1 TH14-(V11-V14)#C3/C2/((V114V14)/2.)+C2*SIN({THL(I)+TH14)/2.
2)/701YLL1+Y14)/2.#COS{(THLI(I)-BL1+THL4-B14)/2.))#(X11-X14)-(T11+T14)
3724701 {A11+A14)/2.)ne2)#(24(32(S5]11-5S14)=G
IF{LN.NE.1)GO TO 22
QX=X14w12.
QY=Y14=12.
QP=P1l4/144.
THP=TH14#57.29578
IFLJSW.EQ.2)
LWRITE(6,5678)
5678 FORMATI{1HO,5X,12HINSERT POINT)
IF{JSW.EQ.2)
1WRITEL6,6789)1QX,QY ¢ XML4 4 THP,T14,QP
6789 FORMAT(1HO,5X,6(3X,£15.8))
22 CONTINUE
IF(LN.EQ.1)GO TO 41
CALL SOLUT (U4,TH1,TH11,XTH,LN,U441,U442)
IF(LN.EQ.1) U44=U4(1)
IF{LN.EQ.1) GO TO 155
IF(KY.EQ.3)60 TO 838
60 TO 155
4004 CONTINUE
MI=N+NL +NU~-M
M=0
IFLJUSW.EQ.2)
1WRITE(6,4010)
4010 FORMAT{1HO,24HDEFLECTION ANGLE TOO BIG)
LMN=0
KEY=1
J=11
RETURN
835 B123=811
S123=S11
iu9=199
GO TO 912
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834 B125=811
$125=511
[L9=]199
GO0 TO 912
911 JK=J
60 TO 9122
41 IF(KEY.EQ.9)II=IXI
KEY=4
XP{IIl)=X4
YP{II)=Y4
XMP(II)=V4a/A4
VLP(Il)=Va
TH{II)=TH4
PP{II1)=P4
TP{IL)=T4
QX=X4*12.
QY=Y4=]12,
QP=P4/144.
THPP=TH(I1)#57.29578
NQ=4
U444=U4(1)%57.29578
IF{JSW.EQ.2)
LWRITE(645) I1,QX QY4 XMP(I1),THPP T4 ,QP4+NG,U444
IF{IZ.EQ.5)G0 TO 4005
IF(IZ.EQ.7.0R.I1Z.EQ.8) GO TO 911
XM2=XMP{I1)*%2
XMG=XM2u#2
FUN=1./{4.#CAM#XM2 )2 (GPL1%#XM2-(3.-GAM)+SQRT(GPLl*#(GPL*XM4—-2.%(3 .~
1GAM) e XM2+ (GAM+9.))))
ANG=ARSIN{SQRT(FUN))
AGL=ABS(TH(II)-U4{l))
IF{AGL.GE.ANG)IGO TO 4004
4005 CONTINUE
X12=X11
Y12=Y1ll
viZ=vlil
TH12=TH11(1)
Bl2=811
T12=T1l1l
S12=S511
IF(KITE.NE.500) L=2
J=19+1
M=19+1
JK=19+42
199=19+1
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9122 IF((]12.EQe3.AND.KITE.EQ.500).0R.1Z.EQ.7) GO TU 835
IF((I1Z.EQe5.ANDKITE.EQ.500).0R.I1Z.EQ.8) GO TO 834
912 JX=11-1
DO 97 IX=JKyJX
XP{IX)=X11
YPLIX)=Yll
XMP{1IX}=V1l/All
TP(IX)=T11
PP{IX)=P1l1
THUIX)=TH11({1)
97 VLPLIX)=V1l
QP=Pll/144.
THPP=TH11(1)#57.29578
NQ=11
NQQ=11-1
IF{JSH.EQ.2)
IWRITE(6,5)NQQ+QX QY XMPINQQ),THPP,T11,QP,NQ
IF{1Z.EQ.7.0R.1Z2.EQ.8) GO TO 913
LMN=LMN+]
1IF{J=11)17,24,24
31 11=11-1
IF(12.EQ.5)J=JP
10 CONTINUE
17 IF{KITE.£Q.500) GO T09914
IF{KEY.NE.3) GO TO 95
199=19
KEY=4
95 UI=U44
IF(IZ.EQ.3)UXI=UI
[F (NK.EQ.3) GO TO 914
IF (NK.NE.2) RETURN
Ux{li=uxtz2)
uvill)=uy(2)
UY(2)=YP{LMN)
UX{2)=XP (LMN)
RETURN
914 BX(1l)=BX{(2)
BY{l)=8Y(2)
BX{2)=XP{LMN)
BY(2)=YP(LMN)
RETURN
913 M=LL
L=JP
RETURN
601 JP=JP+1
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SUBRUUTINE FLDRTN

IF(I1Z2.EQ.6) GO TO 602

IF(JP.GT.M+1l) GO TO 602

II=I1+1

JX=JX+1

LMN=LMN+1

IF{JSW.EQ.2)
IWRITE{6,403)

CONTINUE

FORMAT(1HO,10X,1BHIGNORE ABOVE POINT)
KKK=0

U4(l)=uUl

U4(2)=U4(1)+XTH

U4(3)=U4{2)+XTH

LN=3

IF(IZ.EQ.7.0R.IZ.EQ.B} LN=1

G0 TO 155

JP=JP-1

NK=3

IF(IZ.EQ.5)NK=2
IF‘IZ.EQ'7.0R.(IZ.EQO3.ANDOKITE.EQISOO) )NK:J.
IF{1Z.EQeB8.0R{ILeEQeS . ANDKITELEQ.H00))INK=4
IP=11+1

CALL TRANS(II,IP,3)

BACKSPACE NK

BACKSPACE NK

READ(NK) 1

[=M9+]~-1

LL=LL~-1

KQ=0

IF(KITE.EQ.500)KQ=1-LL

M8=M9-KQ

[=1-KQ

READINK) (SX{K) sSY(K) ¢SMIK) s STH(K) 4ST(K} SP(K),SV(K) K=M8,1)
BACKSPACE NK

BACKSPACE NK
IF{JPGT.LL.AND.KITE.EQ.500) GO TO 917
IF{NK.EQ.3) GO TO 915

IF{NK.NE.2) GU Tu 916

IF(UX(1).NE.O.) GO TO 9166
UX(2)=xpP{J)

uy(2)=yrP(J)

BX{L)=XP(N)

BY{L)=YP(N)

Bx{2)=Bx(1)

BY(2)=8BY(1l)
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916

1212

603

400

383

3122

3999
1555

LIST OF FORTRAN PROGRAM

SUBROUTINE FLDRTN

BX{1)=Sx{([)
BY(1)=SY(I)

GO TO 91le6

uxt2)=uxil)
uy({2i=uyv{l)
ux{l1)=sxi{lI)
ur{l1)=sy(1)

CONTINUE

N=1

DO 603 KI=JP,l1

CALL TRANS(KI,KIysl)
CONTINUE

KX=1-11

IF{JP.EQ.N) GO TO 1111
GO TO 604

KEY=1

N9=0

JX=0

LMN=0

RETURN

KY=3

U4(1)=U41{L1)+XTH
Ua(2)=U4(2)+XTH
U4(3)=U4(3)+XTH

GO TO 155
IFIKEY.EQ.3)GO TO 3999
TT2=YP(IL1)-YP({I]+1)
TT1=TT2/(XP(I1)=-XP{Ii+1))
THETA=ATAN(TTL)
IFCU(THETACLE«Oe) c ANDe [TT2eLlEeOa) ) aURc ([ (THETACGTo0e) e ANDLITT2.6T.
10.})))G0 TO 3111

GO T0O 3
IF{YP{II)-YP{LMN))98,98,3111
LMN=M-]

MI=M

NK=3

JP=M+1

J=LMN

11=M

I199=LMN-2

19=LMN-2

LN=3

Ul=uxi

KEY=4

LM=LMN-1
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838
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H{1)=CP#TP{LM) =i

A{L)=SQRT{GML=H(1))

V12=VLP(LM)

Bl2=ARSIN{A(1l)/V12)

X12=XP(LM)

Y12=YP(LM)

XM12=XMP(LM)

TH12=TH(LM)

T12=TP(LM)

P12=PP(LM)
S12=CP#ALCGI(TPILM)/TT)/L(PP{LM)/PT) %= (GM1/GAM)))+500.
GO TO 15

GPO=0.

Ua(ll=Uul

199=4-1

M9=M

KITE=500

ITR=1

JP=M+1

LL=L

JX=J4-1

IF(JP.GT.LL) GO TO 917

KE=2

CALL INSPT{JsJPsMyKk)
IF{X14.GT.XP(M)ANDX14.LT.XP(JP}) GO TO 138
GP0O=0.

M=M+1

JP=JP+1

JX=JX+1

GO TO 62

LMN=J

YJP=YP(J)

XJP=XP(J)

LN=1

M=gP-1

L=M

J=Jd+1

GO0 10 24

CALL EXIT

U44=U441l
IF{U44.6EUlAND.U44aLEU4 (1) cANDIZ.NELSIGU TO 417
IF(U44.LE UlLAND.U44.GE U4 (1) ANDLIZ.EQ.B)0UL TO 417
Ud4=U442
IF{U44.GE.Ul.AND.U44.LteU4 (1) AND.IZ.NE.S)LU TU 417

68




417

6661
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833

9914
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IF{U44.LE. Ul ANDoU44.6E.U4(1)e AND.1Z.EQ.5)GG TO 417
GO TO 155
U4{l)=u4s4
LN=1

GO TO 155
UX{2)=XP{LMN)
UY(2)=YP{LMN)
RETURN
LMN=M-1

II=M

JP=11+1
Mo=L+1

KEY=4
LMX=LMN-1
X22=XP (LMX)
Y22=YP (LMX)
T22=TP(LMX)
TH22=TH(LMX)
P22=PP (LMX)
XKM22=XMP{LMX]
LL=J

V22=VLP (LMX)
J=M-1
XJP=XP(J)
YJP=YP{J)
IF(1Z.EQ.10) GO TO 833
199=1U9

I12=3
822=8123
$22=5123
XTH=-XTH

GO T0 601
199=IL9

12=5
822=B125
S$22=5125

GO Y0 601
Ul=u44

M=LL

L=LMN+1
RETURN

END
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601

964
965

966

LIST OF FORTRAN PROGRAM

SUBROUTINE SAVE

SUBROUTINE SAVE(NLsN2y1:KsUI)

DIMENSION YPL1600) ,XP{600)yTH(600) ,XMP(600),TP(600),PP(600),
1VLP(600)

DIMENSION SX{600),SY(600),5M(600),STH(600),ST(600),SP(600),Sv(600)
COMMUN YP 4 XP,THsXMP, TP PP, VLP
COMMON/BEN/SX¢sSYySMySTH, ST, 5P, SV

CALL TRANS{I,K,2)

IF(XP{K)«EQ.XP(K-1))GO TO 601

IF(K.EQ.1)G0 TO 601

I=l+1

K=K~1

GO TO 602

WRITE(NL)I

WRITE(NL)YUSXIL) $SY{L)ySMIL)sSTHIL) STIL),SPIL)ySVIL)yL=1,1),UI
IFIK.EQ.1)RETURN

Kl=K-1

[1=1+1

CALL TRANS({I1Ll,Kl,2)

[1=1+2

Kl=K1l-1

KN=K1l

DO 964 J=1,KN

IF(XP{KL) e NE.XP{K1~1))060 TO 965

Kl=Kl-1

Kl=Kl=-1

IL=2

CALL TRANS(IlsKiy2)

K1=K1l-1

IL=It+]

I1=11+1

IF{Kl.GE.1)60 TO 966

IL=1L-1

I1=11-1

IP=1+1

K=1l

WRITE(NZ2)IL

WRITE{NZ2) (SXIL)»SY(L)sSMIL) STHIL) oSTIL)»SP(L)SVIL)yL=IP,I1),Ul
RETURN

END
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SUBROUTINE TRANS

SUBROUTINE TRANS{I,J,K0ODE)
DIMENSION YP(600)XP(600)yTH(600)XMP(600),TPL6LO),PP(600),
1VLP{600)sSX(600),SY(600),SM{600) 4STH(600),ST(600),SP(600),SV(600)
COMMON YP ¢ XPoTHo XMP,TP,PP,VLP
COMMON/BEN/SX 9 SY9SMeSTH,ST,SP,SV
GO TO(1+2+3)4KODE
XP{I)=SX{J)
YPLI)=SY(J)
VLPII)=SV(J)
XMP{I)=SM(J)
THLI)=STH(J)
TPLI)=ST(J)
PPLI)=SP(J)
RETURN
SX{I)=XxP(J)
SY{I)=yYP(J)
SVII)=vLP(J)
SM(I)=XMP(J)
STHII)=TH(J)
SP(1)=pPP(J)
ST(I)=TP(J)
RETURN
XP(I)=xP{J)
YP(L1)=YP(J)
THUL)=TH(J)
XMP(1)=XxMP(J)
PPL1)=PP(J)
TPLL)=TPLJ)
VLPLI)=VLP(J)
RETURN
END
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20

25
30

100

LIST OF FORTRAN PROGRAM

SUBROUTINE MIR

SUBROUTINE MIR (N1,N2,A)

SOLVES A SET OF SIMULTANEOUS
DIMENSION A{4,6)
N3 = N1 +1
N =N2 ¢+ 1
DO 100 Il = 14Nl
N4 = N3 - II
IFI{N4.EQ.1) GU TO &
JJdl = 0.
TEST = ABS(A(Ll,1))
DO 6 JJ = 2.N4
IFITEST.GE.ABS(A(JJ,1))) GO TO 6
JIr = JJ
TEST = ABS(A({JJ,1))
CONTINUE
IF{JJl.EQ.0) GO TO 8
DO 7 JJ = 1,N2
A(N3,JJ) = All,yJJ)
All,yJJ) = AlJJl,Jd)
AlJdJlyJdd) = AIN3,JJ)
A{N3,N2) = lo/A(1l,1)
DO 15 Jl = 1,NZ2
A{Jl,N) = A{l,J1)
DO 20 J = 2,N2
Jl1 = J-1
A(N3,J1) = A{l,J)=A(N3,N2])
DD 30 K = 2,Nl
K1 = K-1
DO 25 J = 2,N2
J1 = J-1
AlKLyJl) = -A(K,1)#A{JyN)*#A(N3,N2)
A(KLyN2)= —A(K,yL)#A{N3,N2)
DO 100 J = 1,N2
A{NlyJ) = A{N3,J)
RETURN
END
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LIST OF FURTRAN PROGRAM

SUBROUTINE PRR

SUBROUTINE PRR(YyPSsASsPT ;GW s XMyMP o Xy XML, XM24PML,PM2)
BASE PRESSURE ROUTINE

K=0

GWl=GW+l.

GW2=GW-1.

GH3=1."G“

GO TO {4,5),MP
PTS=PT#(GW1/2.)%2(GW/GW3)

PX=PML1+( (PM1-PM2)/(XML1—-XM2))#(X-XM1)
IF(PX.GE.PTS) GO TU 4

XM=4,

60 TO0 1

XM=,1

A=3.1415927#YsY

IFLA-AS5)697,8

XM=1,

60 TO 2

WRITE(6,9)A

MP=3

RETURN

FORMAT(1HOy2HA=E15.0)

CONTINUE

FM=XM#A/AS~-({2.+GW2uXMn%2) /CWL)®2{GWl/(2.%6W2]))
FPM=A/AS—XM#( (2. +GW2#XMn22)}/GCWl)#a((3.-GW)/{2.%0W2)})
DM=~-FM/FPM

IF(ABS(DM)-.00001)2,2,3

XM=xXM+DM

K=K+1

IF(K.EQ.50) GO TO 2

G0 Y0 1
PS=PTe(l.4GW2/2.8XMuu2) %8 [~-CW/LW2)
RETURN

END
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SUBRUUTINE ReSK

SUBROUTINE RESK

REFLECTED SHOCK ROUTINE
DIMENSION YP{600)4XP(600)sTHIH00) s XMP(600),TP(600),PP{600),
1vLP{600)

COMMON YP s XPyTHyXMP4TP+PP,VLP,GAM
COMMON/MIKE/EP(3) 4y XMC(3) 4PC(3),TC{3)4XMD(3),PD(3),TD(3),11,UByUA,
1uC,ubd

KT=1

KNT=1

THX=,01745329

Q).:Oo

Q2=1.

DQ=. 1

EP(L)=QLl#TH{1)+Q2#TH{Il)
EP{2)=EP(1)+THX

EP(3)=EP(2)+THX

KEY=0

M=3

DO 3 I=1,M

D=eP{1)-TH( 1)

PCL{I)=PP( 1)

TCL{I)=TP({ 1)

XMC{I1)=XMP( 1)

CALL SHCK (XMC(I),D,GAM,PC{I),TC(1))
IF(PC(1).EQ.PP{ 1)) GO TU 20
UC=D+TH( 1)

D=TH(ILl)-EP(I)

PD(L1)=PP(I1)

TD(L)=TP{I1)

XMD{I)=XMP(11)

CALL SHCK(XMD(I),DyGAM,PDI(]1),TD(I1))
IF{PDII).EQ.PP({I1))GO TO 20
UD=TH{I1)}-D

IFIKEY.EQ.0) GO TO0 4

IF(M.NE.3) RETURN

CALL SOLUT(EPPCyPDyTHXysMyEPPL,LPM)
KNT=KNT+1

IF(KNT.GT.20.AND.M.NEL1) STOP

GO T0O 9

XDPP=PC(1)-PD(1)

XDP=PC(2)-PD(2)

DPP=ABS ( XDPP)

DP=ABS (XDP)

KEY=1

IF(XDPPxXDP.LT.0.)G0U TO 6
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LIST OF FORTRAN PROGRAM

SUBROQUTINE RESK

IF(DPP.GT.DP)GO TO 6

THX=-THX

EP(2)=EP(1)+THX

EP(3)=EP({2)+THX

GO0 70 9

Ql=Q1+DQ

Q2=Q2-DQ
IF(Ql.LEe1l..AND.Q2.GE.G.) GO TO 99
WRITE(6,7)

FORMAT (1HO,18HDELTA.GY.DELTA-MAX)
CALL EXIT

END
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38

82

LIST OF FOURTRAN PROGRAM

SUBROUTINE INSPT

SUBROUTINE INSPT(I,J,K,KODE)
INSERT POINT ROUTINE

DIMENSION YP{600)sXP{600)sTH(600)XMP(600),TP(600),PP(600),

1VLP({600)
DIMENSION H{3),A(3),V(3)48(3),5(3)
COMMON YPyXP4THyXMP,TP,PP,VLP,GAM,GM1,6

COMMON/TERRY/CP4PT,TT,X144Y14,XM14,TH14,T14,P14,S14,V014,Bl4,Al4,

1HyAyV,B,yS

KNT=0

GPU=0.

DO 3 LI=1,3

IX=K

IF(LI.EQ.1)IX=1]
IFILI.EQ.2)IX=J
H{LI)=CP=TP(IX)=(
A(LI)=SQRT(GML=H(LIL))
VILI)=XMP(IX)#A{L])
BILI)=ARSIN(A(LI)/V(LI))

S{LI)=CP+ALOGL(TP(IX)/TT)/((PP(LX)/PT) == (GML/GAM)) ) +500.

THL4=(TH{J)+TH(K) ) /2.

Bla=(B(2)+B(3)) /2.

IF(KODELEQ.1) C=(TH(I)-B(l)+THL4-Bl&4)/2.
IF{KODE.EQ.2) C=(TH{I)+THL4+B(1)+Bl4)/2.
Cl=SINI(C)

€2=C0S(C)

C=C1/C2

GP=((YP(I)-YP(JN)=(XPLI)=XP{J))#C)/({YP(K)I-YP(J))-(XP(K)=-XP(J))=C)

Bl4=B(2)+GP=(B(3)-8(2))
TH14=TH(J)+6P+ (TH(K}=-TH(J)})
IF(ABS(GP-GPU)-.000001)82+82,38
GPO=6P

KNT=KNT+1

IF{KNT.EQ.100)60 TO 82

GO 10O 36
X14=XP{J)+GP={XP(K)}=XP{J))
Y1a=YP (J)+GP#{YP(K])-YP(J))
ViasVLP(J)+GP# (VLP(K)-VLP(J)}))
Al4=A{2)+GP={A{3)—-A(2))
S14=S(2)+6P=(S{3)-S(2))
TL4=TP(J)+GP#(TP(K)-TP(J))
PLlL4=PP(J)+GP={PP(K)=-PP(J))
XM14=XMP (J)+GP* (XMP(K)-XMP(J))
RETURN

END
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LIST OF FORTRAN PROGRAM

SUBROUTINE SHCK

SUBROUTINE SHCK{XML,DLT,GAM,P1,T1)
OBLIQUE SHUCK ROUTINE
FORMAT(5t15.8)

1JK=0

DLO=DLTY

GM1=GAM-1.

GP1=GAM+1.
W=ARSIN(1l./XM1)
DW=-.001

XM2=XM]1x#2

XM4=xXM2nu2

F=loe/(4.#GAMXM2 ) # (GPL#XM2-3,+GAM+SURT(GPL*(GP1#XM4-2.%#(3.,-GAM)+

LXM2+(GAM+9.)}))
WMAX=ARSIN{SQRT(F))

DMAX=ATAN{ {XM22SIN(2.%#WMAX)-2.¢COS(WMAX)/SIN(WMAX) )/ (XM2%(GAM+

1COSL2.8WMAX) ) +2.))
IF(DLT.GT.DMAX) GO TO 2
CONTINUE

W=W+DNW

WW=W/.01745329

X1=SIN{W)

X2=COS{W)

X3=XM22SIN(2.%W)
X4=XM2*C0S(2.#W)

X6=X2/X1

X5=XM2#GAM+X4+2.
DI=ATAN({{X3-2.#X6)/X5)
IF(ABS(DOLT-DI).LE..00001)G0 TU 3
DOW=2.%CUS(DI ) ##2/XS5# (X4+1./({X1%%2)+(X3-2.%#X6)#X3/X5)
D1=D1/.01745329

DW={DLO-DI)/DDW

IJK=1JK+1

[F{IJK.LT.50) GO TO 1
XT=XM2eX10%2

XB8=2,4GAM® XT-GML

X9=GMle XT7+2.

X10=GPluu2%XT

P2=P1lex8/GP1L

XMM=SQRT( (X108 XM2=4. 2 {XT-1.)#{GAM#XT+1.))/(X8%X93))
T2=T1l«X8#X9/X10

Pl=pP2

T1=72

XM 1=XMM

G0 YO 5

DLT=W
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LIST OF FOURTRAN PROGRAM

SUBROUTINE SHCK
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SUBROUTINE SULUT

SUBROUTINE SOLUTIEP,PC,PD,THXyKS,EPP,EPM)
c ITERATION SCHEME TO SOLVE FOR SHOCK ANGLE
DIMENSION EP(3),PC(3),PD(3),Q(4,46)
DO 39 1=1,3
Q(lIs1)=1.
QUI,2)=EP(])
QUI3)=EP(])w=2
Q(I,4)=PCL(])
39 QtI,5)=PD(I)
CALL MIR({3,5,Q)
X1=Q(2,1)-Q(2,2)
X2=Q(3,1)-Q(3,2)
X3=SQRT(X1®##2~4 #X2%#(Q(1,1)-Q(1,2)))
X4=2.%X2
EPP={X3~X1)/X4
EPM={-X1-X3)/X4
IF((EPP.GT.EP(1) . AND.EPP.LT.EP(3)).UR(EPP.LTLEP{1).AND.EPP.GT.
1EP{3)))G0 TO 7
IF((EPM.GTLEP(1).AND.EPM.LTLEP(3)) 0R.(EPM.LTL.EP(L1) . AND.EPM.GT.EP(
13)))60 10 8
EP{1)=EP{L1)+THX
EP(2)=EP(2)+THX
EP(3)=EP({3)+THX
KS=3
RETURN
7 EP(L1)=EPP
9 KS=1
RETURN
8 EP(1)=EPM
GO TO 9
END
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